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INTRODUCTON

L'organisation de ce cycle de confirences no 1 15, consacri aux aides visuefles individuelles pour les 6quipages,
a Wt conUi au Comit6 sensoriel du Panel de m~decine adrospatiale de 'A.G.A.R.D.

La fonction visuelle est un facteur pr6dominant pour la faisabilit6 et la qualit6 de la mission a6rienne. Ceci concerne
aussi bien P'dquipage d'un avion de combat que celui d'un avion de transport.

L'information visuelle doit 6tre en permanence d'excellente qualitd, cc qui sous-entend:
- une s~lection rigoureuse et une surveillance vigilante et r6gulitrc,
- Is misc en oeuvre d'6quipements n'entrainant pas de perturbations dans le recucil de 'information,
- la correction dventuelie de modifications physiologiques,
- la protection enfin contre des agressions naturelies ou exceptionnelles.

Ces conftrences envisageront donc:

- la correction optique classique des amitropies en fonction du type de mission,
- la correction dventuelle par les proth~ses de contact, avec leurs avantages et leurs inconvinients,
- les r~percussions possibles sur l'information visuelle des 6quipements de tate, dont Is misc au point doit tenir

compte des imp~ratifs visuels,
- la protection contre Ia forte luminosit6 i laquelle I'Equipage est soumis en altitude. Elie n6cessite Ia misc en

oeuvre de surfaces absorbantes et teint~es, qui ne doivent pas alt6rer la qualit:6 de l'information,
- la protection devenue n~cessaire contre les effets du laser, uWOWs pour le pointage, le guidage ou les mesures,
- la protection contre les effets de l'arme thermonucl6aire, q'il s'agisse de Is brfilure ou de I'Mbouissement.

Elles scront suivis d'une discussion, que nous esp~rons dense et enrichissante. Elle permettra aux auditeurs de se
transformer en questionneurs et d'apporter des prdcisions sur les Whines envisagts.

Cette s~rie de confdrences int6resse non seulement les m~decins militaires, mais 6galement leurs confr~res civils,
auxquels se posent ou pourront se poser ces probl~mes. Les op~rationnels sont 6galemerit concern~s, US auront ainsi
la possibilitk d'appr6hender les solutions propostes pour les protdger et leur permettre d'effectuer leurs missions dans
les meilleures conditions d'efficaciti et de sdcuritd.

Mddccin en Chef CHEVALERAUD



INTRODUCTION

The organisation of this Lecture Series No. 115, devoted to personal visual aids for aircrews, has been entrusted to
the Sensory Committee of AGARD Aerospace Medical Panel.

The visual function is a predominant factor as regards the feasibility and quality of the air mission. This applies
to the aircrews of both combat and transport aircraft.

Visual information should be constantly of an outstanding quality; this implies:

- A strict selection and a careful and regular monitoring,

- the implementation of items of equipment which do not create disturbances in the collection of data,

- the eventual correction of physiological modifications,

- finally, protection against natural or exceptional aggressions.

The themes addressed by these lectures will therefore be the following:

- The conventional optical correction of ametropias according to the type of mission considered.

- Eventual correction by contact prostheses, with their advantages and drawbacks.

- The impossible impact of head equipment on visual information; the development of head equipment must
take visual requirements into account.

- Protection against the strong luminosity to which the aircrew is subjected at high altitudes. This requires the
use of absorbing and tinted surfaces which must not affect the quality of the information.

- Protection against laser effects which has become necessary since lasers are used for aiming, guidance and
measurements.

- Protection against the effects of the thermonuclear weapon, whether these are burns or dazzling.

They will be followed by discussions which we hope to be lively and rewarding.

This lecture series is of interest not only to army medical officers, but also to their civilian colleagues who are or
may be confronted with these problems. Operational people are also concerned; they will thus be provided with an
opportunity to be informed of the solutions proposed to protect them and enable them to carry out their missions
under the best possible conditions of efficiency and safety.

Mdecin en Chef J.P.CHEVALERAUD
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OONUO!!ON 01! 1Q13 OLASIQY
I=S ANEYROPIRS NI ARROUNIQUE

Nddooin en Chef 14J. NiflM, Professeur Agrdgd
a Service.d a.utf a.. Armies.

Centre Principa~l allzpertise Ndaical.
du Personnel Navigant do 1 'Adronautique

big, avenu, do I& Ports do Sbyres-1
75015 PhlIB - YRAN03.

L'inormation vimueli. a personnel navigant, priponddrento dans son czar-
ciao prof...ionnel, not on Jon une stratigi* trbs partioulibre quilintdress*
tons lea aspects d. is. perception vinuslie.

Lee vices do "fraction, aitropies et presbytie, en ucaif lent I& perfor-
anai vimulle, dininuent I& capaoitd profesuicnello du navigant.

Lour correction optique reprimente mn. tentative do rdbabilitation .L&
correction olasuique par dos lunettes acit tonir ocupte do I& charge at dos
conditions do travail propre. an personnel nevigant. La prescription des lunet-
too en adraoutique aoit done respecter ass crithres prdis tent en a. qui
concerne lea verres quo lea monture. pour obtenir 1. milleur riouitat possible.

L'OIRAION VISUILLI met priponddranto dans i& relation qu'dtablit le personnel navigant
ONi) ave. 1s HILll AURONAUIQUN. Ile* reprisente 83 % dos affirenoes sensorielles.

La 1UMO IS TRAVAIL at PS consits en une acquisition a. donndos et une analyme doe stua-
ties qal permettent une prime ao adoimion. nl s'agit d'un Wdritable traitenent de 1'information.

Clul-el a POuW cadre 1 'espace adrien dont lea carsotdristiques (absence d. repbres, niveam
do e -lmane... ) sent sutfisentes pour moifier le. conaitions babitusile. do I& PM110LOG33 13
L'AOM VIIUE.

O'est dire quo lea vices de rdfraotion et en perticulier lea AMU!OPINS pdnalisent tout sp6-
cialameet I& perfomance visuelle du PS. Leur CO71flOTION OIYIQUN reprisente dono I. premier pas
d. Is rdbabilitation a'uns oapsacit profeusionnele* aont lee oritbres mont trbs diffirencids.

INFORMATION VIOUNJZ D PS

311* a 2 oengines

A L 'INYIM UR 33 LA 00103. 11 a 'agit do donndes IhNILINNN, IIURILUS et ihiPPOinES * Per-
manetes, els proviennent dos pienches de bards, voire de Is, verribre. In effet, de plus en
plus, lea Informations d. oontrle et de commode pour ie pilotae et la navigation ont Una pr6-
sentation. synthdtique d orens Ge viuualisation des mstbaes intigrd., radar ao bard, pilotage
t~to haute. Moiesoa prisentent moms forms G'aiguile. me ddplaqant aevant dos graduations, ao
syuboles aipba-numdniques et enmiogiques, as figures et Ge spots lumineuz, colords on non.

A L 'IUNIRUR 33 L 'APPARMIL. Ce mont am aonadem ALAOW, NRBUDI et ILOIGmS Fugitives,
ell*s proviennent aes 3 aireotions ao i'espaos et varient suivent l&asdquence dm vol et is type
ao mission i Ddoolias, atternisage (probibae ao transition lore au passage aos conditions IF!
en conaitions 113R par msavais temps. Vol & grands vitease St & baa.. altituae, ravitailsment en
vol, hdlitrsuiiiage, par exemple.

03*2OM033 TRAVAIL VISUIL. Iles consiste & DIUCMN, & IDNUTII'N et & INYRINYU aes don-
nice noubreuses et varides

- Dons toutes lea aireotions ae i'eopao*.
- De loin, do prbs et en vision interuddiaire, central* St pdniphdrique.

I n pasaent ae Is cabins & i'etnieur ao i'apparel.e
Do Pjour comc as nuit.I - Le plus rapiaement possible.

INISIrOLOGIN IS LIAMNS VIUD. Ile* met Gonc en Jon tcmtes lea composentes ao s PERCEPTION

Le mom of 9. AGOut visuelle do loin et ae pr~s (nimu visibile, minimum separse-
bile angsjire at ur shcopique, minimum ao a"*alas lindaire), does It obsup vismel central .t
Pdripbdrique .

k: m J~~ Adaptation mxz aiffdrents niveauz Ge luminance et & 1uns variations,
ndistowUe b iffouenent, sows morphoscopique nocturne.

af Pisormaination chromatique.
Uulal tatique et cindtique oculaire, vision bincoulaire.



Corn diffdrenteu modaii do i& fonotion vimuoli. ont pour dinomnantour comunn I& odliritd
ndoornair. au tri repid. des inforation., ot I lour ohoix.

VICES P BE ZYACYION

Cissiquesent, ii. diminuont I. pouvoir odparteur. Bn out**, ii. sodtient parfois Is sos
luminsuz at toujourm 1. rapport saoouiodatiou/ouvorgono* at 1' dquiiibre oculo-aotour. Cloeat dire
qu'iiu handiospont I& performance violi. et qu'iis retontiument d~favorabieaent inur i& oapaoitd
profesionnli. dlu P1.

In. 6tud. stiatiqu. de 0103W! et IUZUT mn*our une population do 180 000 aujet. fait
rommortir lea pourocfltages uuivant* pour dos vice@ do rdfrsotion : Iypormtropie ot presbytie,
22 % 1 Rvopie, 5 % ; Atimstime 6 % . Chas 1. PN, oem pouroentagos sont modifide sensibiement
par i& wi1ection at par lea fourobetteu d560e do 1'sotivit4 profosionneii. surtout quand ii
.sgit dlu PY dles Vrom Armie.

IROUDLUS BE LA BUI'RACTION STAYIQUN. 11 s'agit dos AMETROP338 mphdriquem et oyiindriquon.Lour
dogri no "iposse ginireionent pas 3 dioptrios pour ithypowmdtropie, 2 dioptriem pour I& syopis et
isantigustimu., ooupte-tonu dos normosm iiitires on viguour ot dos posibilii do fidrogation.
Cos awitropiom fsibieu Wo.n mont ps moims prdjudioiabies & I& fonation vimuelie dsautant quo
i'hyp~rmdtropis ot Istignatimoe ont dos manifestions fonotionnoliom qui agmentent &Too 1'Ago.

YR0UIL.S 32 LA NMUAC!I0N DYNAIUQUE. ri ragit do I& PRESMIN. Ell* eot Met & uno diminution
do i 'amplitudo d'aooomnodation ot & un 4icigneaont du punctum proximum d'soommodation, oroimuants
avoc I'Ago, qui, & partir do 45 &no, pdnsiimont I& vision do prbs. e dolt atro oonsiddrdo coin-
me uno viritsbie amdtropie, indiuctabie ot iontemont progressive.

L16tudo do Is rdfrotion at do mom troubies comport. s ditorninstion do i'souitd visueiie
do loin at do pr~u pour ohsquo coil, i&sukismoopie 6ventuoiiouont mouns oyoiopidgio, i& kdratomi-
trio ot I&senouro du punotum proximum d'sooomnodstion. 14 oet toujourm intiromant d'sjoutor
Ii tudo do i ' quiibre coulo-motour et I& ernure flu punotum proximum do convergonce.

CORRECTION OPYIQBE

Le diagnostic du vice do rdfrsotion itant po.4, a& veiour on dioptriom uno foim cenue, I&
correction smt slore onvivagde. Dii. oat offootudeo ash par ooii, puim on binoouisirn & i'sido do
vorros corrootour.. II oonviont d'obtonir i& correction optimum ot non maximm, cla L. dire I&
Sioux mupportio ot I& piuu porformants, oumpto-tonu do ilamitropio, do mon dogri, do mom rdpor-
oummios ot do I'Ago du mujet. Clea.t dir. qu'uno grando part dolt btro donnds & I& mdthodo sub-
jective on faisnt sppoi su oyiindro do JACKSON ot au tomt DUOCHROMM.

Ls correction do i'HYPERPUYROPIE m'offootue avoo dos vorros *phdriques convexem. Eiio pout
6tro difficlo oho.I ionmjot jouno qui scoommodo ot aboutir & uno moum-oorrootion. Avsnt 45 ane,
ii oat intdrommast dlutiimor Is mdthodo flu brouhillard, ooii par ooii, puis d'sjoutor 1/2 dioptrie
& Is correction do ohsquo ool on vision binooulsiro * On m 'spproohe sinmi do Is oorrootian totals

qul moulago i 'sooommodstion an maximum ot par Uk on priviont Is nyopie spatial* qui pout murvonir

done un amop visal Ovidol". I
La correction do Is XYOPIE a'offootuo aye* dom vorrom uphiriquom concavos. Klo dolt btro is

pius faibio possibie &f in dldviter i'aooiuodation dlu nujet Jauo mur as, correction. 11 y a int6-
zt & dininuor is corroction do ohsquo ooii d'i/2 dioptrio on visnion binaocuiiro.
11 faut toujoure mo souvenir quo Ion vorrom sphdriqum oonvoxem diminuont i& convergonoe alore
quo ioa vorrom aphdriqum oonosvom i'sugoontont.

La correction do 1 AB'PiGK&Sux a 'offootue avoo des vorrom cyiindriqum ou mphro-yindri-
quo., oonvoxom ou oonoavou. Ii oonviont do corrigor t~t loein tigmrntimou, msto faibiorn, ohs Io
sujot jouno, murtout s'iim .saooompwgont d'sathdnopia (astigmstigmeombiiques ot inverses). Pius
tardivo, Is oorrootion oat oaduquo (ambiyopio reiative) ou sal supportio.

La correction do Is PRZSMIYI consists & romtsurer 1 'amplitudo dlaoooumodation ot & rftabiir
U puctuaproximum d'scooinodation pour pormottre uno vision rapproohio oonfertabio & 33 on. On

utlimo pour colia do. vorro. aphiriqum oonvoxom dent is puissanoo P, I& plus foibio possibie, omt
doune pr I fomul P 3 -An t A rerisnteIs valour do i 'amplitudo d'tsocomodation restan-

to qul dioroit avoo i1Ago. L'sddition out voirnino do 1,5 dioptrio & 46 sne, 1,75 & 49 ane, 2 & 50
ane ot 2,5 & 55 mum, pour ohaque coli.

Le vorre UNI70CAL sinsi promorit donne us. vision do prbs, contros ot pfriphdrlquo, qui eut
motto avoo use profondour do ohamp invorsoment proportionnoiio b. a& puiosmno*. La vision intorud-
disiro eut mudoore at I& vision do ioin monuvse oar io vorre rond i'ooil wmyope". Do plus, ii a
tondanco & ostrotonir uno paroumo acoommodative done o0* conditions qui sugmont. 1s bomoin do
corrootion pour I& vision rapproohdo.

Le vorrn XULYIPOCAL (bi on trifocal) donne an travora du segment infiriour uno visnion do
pi~o motto dont io oaemp emt iuitd par mom dimensions. La vision do loin, an tlsver. ~du segmont
supriour, out 4gaioinont motto aie son champ oat amputi par lo moguont infiriour. %a visnion
intoruddlairo eat impossible oar h i& imit* des 2 seogments Ii oximto us vdrltsbio "trou viol".
Lo passage do Is vision Sioigndo & I& vision rapproobdo provoquo un mant dlImage" an pssrage do
ootto limits svoo meo rapturo du rapport soomodaton/oonvorgenoe trbrn prijudioisbio & 1' dqui-
ILibro oculo-ooteur.
Cos modeorn csiquom do oorrection do Is prosbytlo no mont dono pa. indiqufs ohos 1. P Ident Is
division do 1 'attention ontraino does obmaamonts do fization inoossants, do ioin, do prbo at on
position intornsiWro.
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Lo vorre & PuISSAJCz pROGRESSIVN3UN GROISSAM giAe au "fonduw doeson diffirents segments
at au gradient physiologique d'augmentation do puissance du canal central a. son segment intrmd_
daire reprimente I&somilloure solution pour Is, correction do Is, prosbyti., du PE. leutralisation
at fusion maitriment le. aberration. pdriphdriques latdralow an bout d'um certain temps d'adapts-
tion lorique l'indication *at bien poado.

LUMEMEIN

LE3S VERES.

- Le cahier des charges don verrom do lunettes pour Is. correction du Pff *at 1., suivant.
qUALrTZS op!iqUI8.
Vision nette centrals et pdriphdriquo & tout.. distances, minimsm d'aberrations do spbdrici-

t tde cbromaticitd.
Absence de reflets parasites.
Absorption quantitative at filtration qualitative don radiations luminous.. sans rdporcus-

sion our Is sone lumineux et sur 1. sons obromatique.
qVALIYES REChJIQUES.
Verre antibude et antidlectrostatique. Verro rdsistant auz diformations, sux rayures et Aux

coos.
IIf slasit done do verres siudoiaux at tralis aont l.e caractdristiquss sont I*@ suiventos.

VIRUS NUISqUES psu galbds.
Lors do. mouvsments oculairos, ii m'y a pan do variations do la, distance werre-ooil et par

1k, pas do modifications do puissance. 11 n'existe pas non plus d'astigmatisme a'obliquit6, 1'ame
I, visual rostant perpondiculaire auz facss du verre. Unfin, l'sffet priustique ass boras oat

riduit an minimum, moins voluminsux as typo do verra est aussi moins lourL.

VzRD x4naE*L (cwow).
Seo avantagos par rapport aux verres organiques sent a& risistance sum rayuros done a

longdvit6, son absorption naturelle aes UT aent Is bonguour d'onde est infdriouro & 280 nanoub-
trss ot la possibilitd qu'il a d'Otre teintd dans l& ams do fagon homogbno. See inoonvdnionts,
poids, fragilitd sent pallid. par i& forms snvisagde ci-dossus st par don traitemonts spdoisux.

VIRUS TZINTES IT ILTRANTS.
.4 Intdroeents pour 10 Pff obaque fois qu'il n'utilise pas as easqus A visibre (transport,

liaison, hdlicoptbra) coumo protection controls& dsadaptation, l'dblouissomont st lee radiations
drythduatogbnes (UV infirieur & 313 nanombtres).

L'intensit6 do is teinto (absorption luauineuo)ns dolt amminuor ni l'aouiti visfuolls ni la
vision nooturne. Suivant 1. type do mission, an choir Dent Stre fait sutre lea verres teintds A
(transmission ds 85 %) et C (transmission do 15 %).

La couleur du verre (filtration sdlsotivo) doit Wser un bon rondu des culeurs ot me pan
trop porturbor 10 obromatiss doe Iloeil. Le vert absorbs 1. bleu et 1. rouge, 16 Marron absorbs
1. vert ... Clost lo vort qui wsmbla apportor 1. momse de gnob & discrimination ebromatique.
Par ailleurs, 1. vert pormet de sous corriger ls. hypermdtropes, 1* Marron permet do sons corni-
ger lea myopos sale il pdnalise los presbytes.

Los verres photoobromiquss & obsourcissemont rapias (10 - 8 aecondos) sous Ileffst des UT
do 300 & 400 nanombtros no smblont pan & retenir oarlbur longiviti est trbs relative quaint &
leurn oaractiriatiquos physiques. Da plus, lsocycle riversiblo dclaircinsoment-obseurcisomont
*at trbs modifi dane a& repiditd par lea variations do tompdrature. La chaleur sodibre 1 'dolsi-
cissment at ralontit lobsourdimsement et vice-versa.

T TIUKM.
La tramp. du verre mindral, on particulier I& troups chimiqus augments s rdsistanoo sux:

diformations, anx rayure., sux coos et aux rapturoe L'dceango ionique K+ - No+ rdalino & no
surface une oouohe do tromp. de 80 microns a '6paisseur. 11. aensuit un dquilibro dos contraintes
ontre des compressions externes fortes et uno extension interne foible.* Ce tratement socrolt
done I& sdouritd du vorre mindrul st us "durde do vie".

La verre do lunettos eat . lorigine do reflets gnants pour l'utilisstur, an nivsan do a
faca postdrioura (sources lumineuses situdos en arribro, Image do l& onde) ou dane son 4psis-
sour (ndflexions totales). Ii. donnent naissance & aes sansations as voile, do halos, ou & des
ddoublomenta a' imaWos.

is traitemsnt an fluore da magnisium qui so d"pose on coucho mince & an, surface, attdnus
ae* roflots et augment. son pouvoir moillant. 11 a done un effet anti-buds trbo intdrasant. Par
contra, 11 pant 6tre attaqud par i& transpiration ot, sensible & I& poussibro, il doit atre ton-
jours sintenu propr".

LA NONUDI.

iioIII* doit *tre COMPA'IML AVEC L'IqUIFIMEN DI TMT t maque b. oxygbn., deoutours, canque .t
- S& SThIILMT doit Stre exoellent* an 6gard sux acodldrationsp sum vibrations at an tabassag.
- Illo doit Stre IIDEONXULI maim RON DANGIRMUSI, L2013RI et 3131 SUPPRMNI SOLID! et DoN

- -. MARCES, en! in, oll@ ne doit pan pndsenter d'AEOLIS NORTS.
-SUR ISSUR on disponible on TAILiES STAIDAMD, i&smontura MALLIqUE purait rdpondre & coo

diffdrents impiratif a & condition d'Stre analborgiqus. Ille doit comporten mne RhINE IROUTALI1 don
CIRCLES & drageoira ovslaires do form* anstomique et an PONT A PLAQUITTI FIXS USUAiES Lee
BRANCES, fines, doivont Str. ldgbremont candies our lea oreilles.
Ainsi, sont prdservds 1& stabiltd, I& rigiditd, 1. contrag. des calibres, I* omfort et I& wdon-
riti des lunottos.
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Lee uics do r~fraotion du PS no sont pas ozcoptionne1m.
Quell..s matisfaement auz acosse d'admimmion ou qu'ollon appeaemnt on courm do carribro,

lou amtropies et Is. prombytie reprdmontent un handicap vimuol qul pdnaliso I& oapaoitd profession -
nell. on adronautique.

11 convient dono do Uo orriger de fagon mytdmtiquo pour ritablir un. performanoe visuello
sumei prooho quo possible do I& normal*.

Los lunettes repimntent Is mods do correction opti quo clasmique des smitropis qul, dame I&
majorit46 dos cn donne Is milleur rdmultat. Leur premcription et lour adaptation obdisont & doe
rbglem simple* qu' on doit respecter @I 1' on vent obtenir une bozas toidranos*. Lee oaractirimtiques
des lunettes donndes plus haut mont celos qui conviennent is sioni on Adronantique, & movoir

Verrom mindraux, udnimqueu peu gaibds, do forms oraleire.
Verroe tolntis ot filtrante, trempde, anti-reflet.
Monturo adtallique anallergiqus, stable, inddformable ot oonfortable.
311ecorarespondent & pen prbm & cellos dos lunettes 30U - 4/P do l'UShl.
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LES INDICATIONS DES VERRES DE CONTACT DANS LA PRATIQUE AERONAUTIQUE.
par

Mgdecin G~n~ral Inspecteur PERDRIEL (G.F.)
Inspecteur du Service de Santg

pour l'Arm~e de I'Air
26, Bid Victor - 75015 PARIS -

RESUME.

L'habituelle tolgrance des verres de contact dans la vie courante, incite tout naturellement ceux
qui en sont satisfaits A vouloir les conserver pour leurs activitds.

Or, les lentilles corn~ennes pr~sentent un certain nombre d'avantages mais aussi de contre-indi-
cations (intoIgrancesfrgquentesliidgau faible degrg hygrom~trique des cabines, formation de micro-bulles
due A la depression atmosphdrique).

L'attitude des experts ophtalmologiques doit donc rester tr~s prudente, et des d~rogations me
semblant devoir 9tre accordges que pour ies navigants confirm~s, en tenant compte de leur sp~ciaiit6.

I Les varres de contact, et plus particuliarement la lentilles, sont de plus en plus utilisges,
plusieurs motivations pouvant 9tre invoquges pour expliquer le choix de ces proth~ses au dgtriment des

-4 lunettes classiques (intgrgt esthdtique ou professionnel, pratique sportive).

C'est ainsi qua six millions de paires de varres de contact ont 6t6 vendues dans le monde en 1980
et on astime que dans la ann~es A venir ce nombre augmentera de 25 % par an.

Leur habituelle toidrance dana is vie courante incite tout naturallement ceux qui en sont satis-
faits B lea conserver pour leurs activit~s professionnelles.

On comprend donc qu 'un candidat B une fonction a~ronautiqua ou un navigant confirmg ddsirent lea
garder pendant le vol.

Cette tendance conduit donc B discuter la avantages at lea inconv~nients de ce proc~d6 de correc-

* tion optique pour le personnel navigant des Forces Afriennes.

I)- Lea verres de contact qui peuvent itre proposgs B un am~trope sont de deux types

A/- Les verrea A appui scl~ral ont une contention excellente puisque laura contours
6pousent lea cuis de sac conjonctivaux at sont racouverts en partie par lea paupiares.

Male laur application eat souvant longue et d~licate (n~cessitg du 11moulage' De plus,
leur tol~rance eat souvant limitge dana le tampa. Certains laur reprochent aussi leur
caract~re ineathdtique et laura indications sont en fait devanuas axceptionnelies
(aphakie unilatgrale).

B/- Lea lentilles ciELrn:n se prisentant sous des formes diff~rentes maia alias doivent
rdpondre aux critare suivants

- 9tre bia-compatiblas avec lea structures ocuiaires,
- assurer una transparence parfaite B la lumibre,
- rester perm~ablesl l'oxygane.

Ca derniar point eat essential at conditionna Is tolgrance de ces ientiliepuisque le
m~tabolisme camden ndcasaite un apport rdgulier de l'oxygane dissout dana lea larmas.

Mdcsniquement Is pose d'une lantille aur Is cornge rdduit ca transfert gazaux at ii
importe donc de faire appal B des matdriaux diminuant cat inconvgnient, responsable
de l'apparition d'un trouble visuel, appelg voile de SATTLER et du B un oedame de la
cornge.

Daux formes de lentilies permettent Is correction des amdtropies.

a). Las lentilles"durad'sont constitutdes de polymfdtbacrylate de mdthyle,
mati~re posaddant d'xcalientes propridtgs optiques mais ayant aussi
l'avantage de gardar un contact intime avac le film lacrymal sur sea deux
faces, facilitant sinai ie tranafert de l'oxygane des larises.

D'autres substances comae I'acgtobutyrate de cellulose sont pius fiexibles
tout en gardant lea mimes cares via B via du liquida lacrymal.

Las lentilles dures at aemi-fiexiblas pauvent 6tra portfiea at aupportgea
pendant pius de 10 haures par jour pour pius de 80 X des utilisateurs.

- Toutefais, cas varigtfs de lentilles corngennes pauvant inopindment
quitter le lit cornfien sous l'effat d'un choc, d'une exposition B un vent
violent ou d'une accfidgration de forte intensitf.

Riles ne garantiasent ps toujours Ia conservation du m~taboiisme camdgen.

De pius alias exigent una axcallente adaptation qui ne doit peas tra trap
"serrge" (ca qui implique une intoidrance subjective), ni trop lache (ce

LL AL ----- qui facilita lea dplacements intmpetifa de Ia proth~se).
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b). Les lentilles 'molles" sont tr~A stables sur i'oeil car leur diambtre

d~passe ligarement la corm~a ce qui permet un meilleur appui sur la
conjonctive bulbaire pfirilimbique.

Leur structure retient une certaine qualitd d'eau qui facilite lea
dchanges d'oxygbne et de gas carbonique entre le milieu ext~rieur et Ia
cornfie.

Cette hydrophilie peut slier de 35 2 A 80 % suivant la nature chimique du
compoaaa'c.

Les lencilles n.,lles apportent un confort bien suplrieur aux autres formes
de prothases corndennes et lea cas d'intollrance sont exceptionnels.

Hais ce confort visuel risque de masquer certaines infections de is cornle
favorisdes par le renouvellement moins rapids des larues dont on connat

lea propriatfis bact~riostatiques et bact~riolytiques, mas aussi par ia

matiare hydrophile qui retient au contact de is comfes lea bact~ries indg-I
Ce danger eat d'autant plus A redouter que is parfaite tolfirance des len-
tilles moiles incite au port permanent, ce qui facilite encore l'agression
microbienne puisque la fermeture palpfibrale pendant le soraneil rdduit Is
circulation lacrymale.

Ii parait donc prudent de limiter le port de ces lentilles qui exigent une
hygiane soigneuse pour leur miss en place comme pour leur conservation entre
deux applications.
Hais i'inconvfinient essentiel des lentilles molles rdside dana leur sensi-

4 bilitE particulibre A un faibie degrg hygromfitrique de l'air ambiant qui
favorise leur desaication et rfiduit par 11 mime leur toldrance corndenne.

c). Lea lentilles en silicones constituent une dficouverte plus rEcente qui
m~rite encore des exp~rimentations approfondies car, si leurs molficules
ant une permgabilitd A i'oxyg~ne gazeux qui d~passe largement lea besoins
de la comfe, sles se "mouiilent" difficilement et adharent .1 i'6pithc!-
lium cornien spr~s qusiques heures, tout en devenant opaques.

2)- Les indications et lescontre-indicationa des lentilles en pratique agronautique ont 6t6 parti-
culi~rement 9tudiges dana lea derniires anndes.

a)- Lea avantages des lentilles corngennes sont li~s A i'excellente information visuelle
qu'elles procurent au navigant, leur permettant de disposer, sous une forme esthfitique,
d'une vision centrale tras efficace quelle que soit Is direction dii regard.

Seula les astigmatiames de trils fort degrg, ne peuvent itre compenada par ia correction
optique et ndcessitent le port de verres carrecteura additionnels.

Le champ visuel, comme le champ binaculairs du regard, sont parfaitement ddgaggs et ne
prfisentent plus la limitation habituelle occasionnde par lea mantures de lunettes.

L'encombrement de l'fiquipement de tite (casques avec Eicouteurs) eat aussi diminug,
notamment chez le pilate de chasse qui peut disposer plus aisdment de son masque A
oxygane sans avoir l'obligation, comme avec des lunettes, de l'abaisaer de temps en
temps, pour 6viter que la condensation de gaz n'embue sea verres carrecteura.

b)- Lea inconvdnienta d~pendent de pluaieurs facteurs m~caniques et physiques.

*l'instabilit6 des lentilles dures peut lea fairs quitter inopingment le lit cornden
au cours du vol et cette disparition brutale de l'efficacitd visuelle psut itre un
danger pour Is sdcuritd ds la navigation. Cette 6ventualiti eat plus rare avec lea
lentilles molles dont Is stabilitfi eat meilleure et n'eat ps modifige par des accE-
liratians voisines de 7 G.

*le faible degr6 hygromdtrique des cabines de pilotage eat rssponsable d'une irrita-
tion oculaire, encore plus sensible chez lea porteurs de lentilles molles, qui dana
60 % des cas doivent abandonner ces prothases pour leurs activitfis agronautiques.

Le mime phdnam~ne st aussi constatd chez lea pilotes de chasses portsura d'un heaume
qui emprisonne un air qui devient de plus en plus sec.

"iVinauffissnce de protection contre lea radiations solaires qui reste taujours infe-
risure A cells des verres correcteurs classiques.

" Ia d~pression atmosphgrique, iarsqu'elle se manifests A des altitudes supgrieures A
5000 mitres, entraine Ia formation de micro-bulles susceptibles de crfier de petites

Erosions cornfiennes douloureuses, capables de diminuer i'acuitg visuelle.
Cedggagementgazeuxqui Eitait Evident avec lea verres A appui scliral, as manifests
aussi avec Iea lentilles dures (PERDRIEL Coll.) mais de rdcentes exp~rimentation
(EKG et Coll., J. CHEVALERAID) ont dfimontrE que ce phfinombne n 'apparaissait pas avec
des lentilles molies ou as limitait A la p~riph~rie (FORGIE)

" Is pingtration accidentelie de petits corps itrangers, entre la lentilie et is cornE,
peut as produire sur ie parking des avions, souvent tram EventE. Une irritation oculaire,
intense et pfinibie, risque tara de ae manifester au moment au aprbs Is d~coilage.
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Ainsj, en comparant lea mdrites et lea inconvinients des lentilles dana lea diveraea condi-
tions de Ia pratique afronautique, on ne peut que reconnattre lea avantages qu'elles
apportent aux naviganta pour leur information visuelle, unais on doit ausai formuler un cer-
tains noszbre de reproches qui na permettant pans de lea preacrire systfizatiquesant pour corrn-
ger une aintropie mime l~gare.

Maime lea lantilles mollas qui assurant habituellement un tras bon confort visuel, una excel-
lente atabilitg, at reatent pratiquement indiffflrentes A la dlpreasion atasphlrique, sont la
source d'ennuis (intolgrance au faibla degrg hygromftrique des cabines) avec des servitudes
(nficessitG d 'un entretien et d'une atfnilisation qua le travail afirien ne permat pas toujourm
de satiafaire).

3)- Normas d'aptitude visuelle et lentillea de contact.

Lea considdrations pr~cddentes expliquent aisdmant que l'attitude des experts ophtalmologistes
rests prudenta pour l'utilisation des lentillas de contact pendant Is vol.

Lea normes d'aptitude visuelle tiannent compte de cam rditicences corne le montre Ia rlglemen-
tation appliquge dana lea Forces Adrienne Frangaises.

a)- Lors des visites d'admiasion at das axamans rfiviaionnels lea instructions prfivoient
qua l'acuitdi visualle avec verres de contact ne pa~ut ire prisa an considfiration. On
estima en affat qua lea lentilles na pauvent an toute circonstanca, assurer Ia s~cu-
ritEtf agrienne.

b)- Dana des caa excaptionnels, la Commnission qui fitudie lea demandas da dfrogations, for-
mulfias par lea naviganta apras lea d~cisions prises dana la Centres d'Examens M~di-

e 4 caux du Personnel Navigant, a Ia poasibilitg d'autoniser le port des lantillas maim
uniquament chez des navigants confirmds et auasi en tenant compte de leur spdcialit6.

Cea ddrogations ne a'appliquent qua pour un dfificit unilatfiral de l'acuitd visuelle
et ne peuvant Atre accordges qu'apr~s

. un examen tras complet, destinE A appr~ciar Ia qualit6 de l'application
4 at la tolfirance objective de la proth~se.

. un adjour en caisson A d~pression A 6.000 m~tres pour rechercher 1'Eiven-
tuelle apparition de micro-bullas en altitude fictive.

De plus, le navigant doit toujoura avoir en vol, A a disposition iwinndiate, une pairs
de verres corracteura si Ia nficesaitfi a'en faisait sentir.

En fait un nombre restraint de naviganta a solliciti une tells dfirogation, at l'exp6-
rienca a montrg qua caux qui l'avait obtanue ont g~nfiralament prdfdird, aprbs qualques
annfies, revenir au port des verres correctaurs classiques.

4)- Conclusions.

Bien qu'actuallement, le port de lentillas corndaennes resta asaez exceptionnal chax Is parson-
nel navigant des Forces Agriennes Frangaiaes, par suite de certaina facteurs d'intol~rance
se manifestant en vol, nous estimons qua lea experts responsables des normas d'aptitude vi-
suells doivent s'intfiressar au dfiveloppement futur des proth~ses de contact.

Certains matdriaux comme lea silicones, lea lentilles CAB, lea lentillas "Duragal" parnettant
d'espdrer des adaptations qui ne prdsenteront paut itra pam lea inconvfinient des verres da
contact actuellement propos~s aux navigants.
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From the spectrum of eleotromagnetic energy retinal receptors only perceive radiations having a
wavelength between 380 (violet) and 760 nanometers (mm) (red) (1). The spectrum of sunlight,
however, in addition to the visible parts, is composed mainly of ultraviolet parts of 200 - 3W
m end infrared parts above 760 - 150 m and longer.
The effects of radiation on the human eye are of interest to the ophthalmologist and to the
physician dealing in occupational- and aviation medicine as well. On one hand biological dmages
may occur to the eye, on the other physiological and psychological disorders, which exert an in-
fluence on the efficiency of the work and on its safety. For this reason the flight surgeon being
trained in industrial medicine will have to center his attention not only on pilots but also on
technical personnel, drivers and ATC-personnel. The eye is equipped with a number of protective
mochanisms against higher luminance (eyelids, pupil, retinal adaptation mechanisms) but not with
any sensor for danaging energies, so that these radiations may hit the eye unaware and unprotec-ted. This illustrates that sun glasses are definitely a protection and not only a status symbol.

The effects of any radiation whatsoever on body tissue depends essentially on the following
circumstances (2):

1) Wavelength or frequency of the radiation 4) The sequence of the separate radiation doses
r 2) The total radiation dose (radiation frequency)

* 3) ) The absorption ability of the biological
3) The radiation energy in one second, the so- substance concerned

'I called dose rate
6) The special sensitivity and the damage sus-

ceptibility of tissue concerned

TREDICI (3) and others give the following data on the soat important types of radiation in the
visible spectrum at sea level:

SP CTM AT BRA LVE PZRCOZTAGX PRACTICAL RANGE FO M IFFUCTS

Infrared (ZR) 58% 760 - 2100 m
Visible 4% 3"8 - 760 m
Ultraviolet (UV) 2% 200 - 380 m

The effects of radiation on the eye
taviolet liaht

Very short ultraviolet radiation under 180 m wavelength is practically absorbed by the air,
consequently it will not reach the eye and therefore does not play any role. The remaining ultra-
violet radiation, in other words that in the range between 180 and 350 mn is found more or less
pronounced in solar radiation but also in radiation emerging from mercury discharge lamps, arcs,
(are welder) and so on. Ultraviolet light may be divided into two types, into UT-B under 320 m
which causes sunburns on the skin, and into UV-A having a range between 320 and 380 us. The wave-
lengths of the UV-B are absorbed by almost all proteins of the body. On the skin they generate
sunburn; in the conjunctiva and cornea of the eye a corresponding dose will generate the ilIfamed
kerato conjunctivitis photoelectrica, a well-known, very painful but generally harmless and short-
term diseae which occurs with a delay of 8 to 10 hours after exposure. The proteins of the
cornea have their absorption maximum in this range of radiation. Radiation is almost completely
absorbed by the outer layers of the cornea which causes a breakdown of epithelial cells visible
under a biomicroeope. The deeper layers are not affected. Kerato conjuntivitis photoelectrica
is caused by prolonged exposition to the sun over areas covered with now, bright sand beaches,
on the wiher, but also in the area of bright concrete on air bases and in the vicinity of meroury
vapor lamps and welders' flash. Kerato conjunctivitis Is fully reversible 'in spite of stro inter-
ference with general well-being (the individual affected is absolutely unfit for duty for approxi-
mately 214 hours). Treatment should be commenced for protection against secondary infeoctions and
to ease the pain by use of eye ointments such as Bepanthen. Complete recovery follows within 24
- 48 hours. In spite of the benignity of the disease considerations from an industrial sedicine
viewpoint require prophylactic measures with the aid of protective goggles.

The longwave ultraviolet light between 320 and 380 m is only slightly absorbed in the super-
ficial cornea layers and causes no damages. It is merely responsible for a fluorescence of the
cristalline lease which is able to reduce the contrasts and thus also to reduce the variety of
data in the visual field as far as minor contrasts are concerned. This fluorescence is noticeable~a a has in front of objects which the parson perceives(*, 5, 6). With the exception of this

effect there is no difference between the results of visible radiation and longvave ultraviolet
energy.

The cornea, aqueous and the vitreous body are practically transparent for infrared energy between
760 and 2000 mm. Infrared ight will affect only those parts of the eyes by which it is absorbed,

I.e. the lense, and the pigmented epithelium. To cause damages to the lense higher doses and
longer exposure* would be required. In this context the glass-blowers' cataract should be mestio-
sod. Righ domes of infrared anergy eombined with visible energy such as they oeeur when locking
into the mut during the explosion of nuclear weapons, during exposure to laser and so on cause
ascular bums. 2o complete the list , microwaves (e.g. Radar) should also be mentioned. Risk
des rates off raise Iens temperatures and thus be a possible factor for the development of

cataracts (2).
LL AL __
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Visible UdLt

Radiation In the frequency between 380 to 760 m is the stimulus for the eye for v•ion. 4 2
human eye to able to adapt itself to highest and lowest luminance between 109 o4/. and 16 od/O
(1). 4his process is called light- reap. dark adaptation and is a function of the pupil and of
eh"eoel ad neural adaptation echanims of the retina an well. Suoh adaptation requires time,
however, so that the sudden onset of luminance differeno can bring about discomfort and sometimes
after-mas both of whioh mean an impairment of the visuel function (WIg. 1).

Dependency of visual aeuity from the

luminance of the visual field
6(candle/u

2 )

Lunml d V F.W dWSOI: fcdIn)

Light intensity may become so high that it causes absolute blinding, which in turn provokes an
intense blinding pain by tensional effects on the oilier body and lid cramping. These high lui-
amo values are only found on the ground on clear sunny days, whereby the bright concrete stands
on the air bases, reflections on the snow or on reflecting surfaces contribute particularly high
luminance over long periods of tine and cause bleaching of the visual purpur which can not roen-
orate itself that quickly. Reneo the adaptation ability of the eye is impaired (7).
Noreovor, after exposure to high luminance a persistent hase is caused for some tine through
positive after-images when attempting to reoognize objects under low luminaneo. As far as pilots
are concerned there ao yet additional visual problems (5, 8, 9):

1) Reversed light distribution in the visual field

2) High luminance outside the cockpit in comparison to the interior

3) The shadow becomes darkor in the upper part of the instrument panel
due to sun brightness in high altitudes and by the increase of
simultaneous contrasts.

Another problem in addition to the abrupt changes in luminance is caused by glare. CEOBER (1)
differentiates between various types of glare:

1) Adaptation glare: Due to sudden changes of luminance, the state of adaptation of the retina
can not be adjusted as quickly as required.

2) Relative glares Caused by simultaneously existing local luminance differences in the
visual field, which are too great.

3) Absolute glare: Luminance so high that the adaptation ability of the eye is surpassed.

4) Direct glare: Blinding by primary light sources.

5) Indirect glare: Blinding by a reflective image of a light source or by too bright light
dispersing areas in the visual field.

6) Cetralised glare: Blinding source lies in the direction of gane.

7) Peripheral glares Bhinding source lies at the periphery of the visual field.

8) Velling glare: Blinding when viewing object through extensively luminous scattered
objects.

9) Simultaneou• glares The blinding source is present during the looking process.

10) suceoosive glares Rotarted after-effeets of a previous blinding by direct or indirect
blinding sources.

Glare Is the most frequent, most serious and most difficult to fight visual disturbance.
Susitivity to glare grows with age.

t hAln lesUm

sun g1ases offer good protection against all these factors impairing vision. It is the purpose
of sun glase to reduce the amount of visible ultraviolet and infrared energy penetrating into
the eye. This will help to avoid glare and ovestraining the retina. This requirement can, however,
only be mot by sun glasses if the absorption properties and also Imago properties of the glasses
ad the shaping of the frme mets the requirements of the respective eye. The filters may consist

of glass or special plastics. The effects of sun glass*s are stated in terms of absorption. This
implies the entire light-diming which is caused by the absorption of the lenses or by the coated
layer and the reflection on the two surfaces. This lose in light intensity corresponds to the
difference of radiation intensity entering and leaving the lense. Only transmission, I.e. that
light portion which has penetrated into the lease, Is measured and represented as a curve. When
assessing the filtring effect of lenses the sensitivity of the eyes plays a decisive role. It
has its maximum value at .55 an and decreases sharply on either side of this wavelength (Fig. 2).
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I /% , Light transmission of different glasses

and spectral brightnoss sensitivity of
-F I* - CO% the eye under daylight conditions.

-- uI~F I 1 6%I

Therefore it is sufficient in general when comparing son glasses to subtract the degree of trans-
mission at ~5 an from 1d and this viii indicate the oharacteristical absorption. Care mat be
taken to lnsure that sun glasses viii transmit visible energy in all wavelengths as uniformly as
can be, but will absorb UT and I energy to as high a dopes as possible.

Colored filters
The color of the glase is of secondary importance in comparison with the optical quality of the
Image. 2he reason that a green nun glass looks green is that it absorbs a higher percentage of
the other colors than it does of the green. It allows the green to pass through. The same Is true
of other colored sun glasses. They permit different amounts of light of different wavelengths to
pass. They may also lead to color aduterations, sino they absorb only certain energies in the
visible range and let others pass through almost unchanged. Thus, they are questionable for
physical reasons. One such type of an unsuitable filter is, for ezample,a cadmiumI-coatOd laes (716.3)

A typical yellow filter (cadmium) and its

-transmission resp. absortion in 9 in the

spectrum of various wavelengths.

In the shortwave rane this filter absorbs all radiation. Bluish contrasts are therefore not
rosogniad at all. The environment looks yellow. This type of color filters is frequently used in
snow glasses for skiing. Colored filters having nor larger absorption gape initially ocau* changes
In colors because they allow only certain colors to pass. These color changes, however, are
neutrelimsd within a few minutes as a result of the persistence of color equations (von Kries' Law)
and because of the color adaptation of the visual sense, so that all colors appear again in their
natural heS. In spite of this, color examinations of subjects should always be performed with
natinted and clear lenses since, for example, at the anomaloscope the anomaly quotients may be
displaced depending on the degree of absorption and may extend into a range which by oar standards
disqualifies for flying duty. In practice glasses having brownish, greenish or grey-blue colors
have acquired a dominant place.

IAthe ot and, neutral filters absorb approximately equal amounts of all wavelengths of lightI - a such of the rod as of the green, the blue or any other coler. For this reason they appear grey.
lowever, all grey- appearing filters are not necessarily neutral. They darken a scene without

changing Its colors. Ideal sun glasses should incorporate the following features (3, 16, 11)s

Reqnirments for lenses of sun glasses: Requirements for sun glass framet

1) Reduced light intensity. 1) Rugged against physical influence.
2) Tranmission of all visible radiation, but 2) Non-refleoting thin frame.

disming of all UV and IN energy ) Combatibility with head gear and flying

3) No eolor distortion. equipant.

4) Possible eorrection of fraction errors. 4) Inezpensive, minimum cars.

5) True imge, no distortion.
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ain tyes of sun lapsets

The folloving main types of sun glasses are presently in use (3, 16, 11, 12)8

1) Filters sade of glass ) Photoebromic filters

a) lonses tinted throughout ) Graduated filters
b) flashed lenses
a) anti-reflection coated lenses

2) Plastic filters

3) Polarising filters

1. Filters ude of eam"

Inlees tinted throughout with higher refraction effects the distribution of the absorption
effect is not uniform because of the different thickness of the lenses. A uniform distribution
may only be achieved by vacuum evaporation of absorbing layers or through flashed lenses. By
coating with additional interference layers a considerable elimination of surface reflexes can
be attained (Fig. 4).

The three main types of sun glasses
presently in use:

a) Glass tinted throughout .
b) Flashed glass

e) anti-reflection coated glass

a b

2. Plastic filters
Glasses made of plastic materials may be produced in all colors and absorptions. Because of their
little weight and impact resistance they re suitable materials for some glasses and especially
for pilots. The disadvantage is that they are very sensitive to scratches and expensive.
3. Polarisina filters
Polarising filters transmit only light that is vibrating in a certain direction. They absorb
light vibrating in other directions. They are not neutral in that they pass more light of certain
wavelengths than of others. Polarising filters pass about 30% of light unless they are polarised
in one particular plane. For this reason they require a combination with other types of filters
to be effective as a general purpose sun glass. They are also mostly made of plastic material.
They are best suited to reduce the various kinds of glare described above. There are, however,
difficulties in cases stress patterns in aircraft transparencies interfere, such as in windshields
and/or canopies, which reduce visual acuity. This Makes them unsuitable particularly for pilots (9).

4. Photochromic filters
also called phototropic lenses, are generally well accepted, (12, 13, 14). One of their features
is, that light transmiselon has no unchanged, static value in any range of the visible spectrum.
It changes depending upon the intensity of incident radiation, which requires shortwave portions,
and Is highly temperature-dependent. Phototropic filters contain light-sensitive silver halides
which under light exposure are split up into their constituents which in turn produce opaque,
metallic silver, similar to the processes observed in photographic films. In filters the reaction
constituents of the basic substance remain in the immediate vicinity because of the firm linkage
and when the stimulating radiation disappears, they gaia reoombine to the original silver halide
molecules and the filter again turns clear. On one hand this process in temperature-dependent: At
low temperatures the darkening of the filter occurs quicker and more intensive, whereas brightening
takes place quicker under high temperature (Fig. 5).

100 Da at~f Kinetics of darkening and lightening of

90elematie glasses under different
so temperatures as found under standard

70 laboratory conditions.

5,0~~~2 C S 20T

00, 7F1K. S

Twe in MwmI,,
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On the other hand the darkening of the filter taken place considerably faster than thebrightening. These filters re offered in varible absorption capacties, eog. 15/70 or 16/66.

This means that these filters will never obtain full transmission of 95 - 100 % and viii only
reach the capacity of 85 - 90 % after longer periods of time (hours) (Fig. 6).

*Ul V vow s wCtnm IW*6 ftd

2 , - -- [Light absorption of UlMAPUMlL 65

S- ' and UUNAPUNKAL 85 glasses in the

- spectrum of various wavelengths.
S m -, - - _

8,* * I5 F i x , 6

400 Go0 am low 120

Wavelength (nn)

Such filters are agreeable for activities on the ground (games and sports) as long as no sudden
changes in luminance occur, under which reactions nevertheles have to be prompt and safe. Thisis the cse in flying (penetration into clouds) but alo when dLriving an automobile (catering a

tunnel or when operation on a road lined by trees). I do not consider photochromic glasses as
suitable for activities of such a nature. Another disadvantage Is the higher weight of the glasses
(appr. 30 %) which may be cumbersome when wearing them for longer periods and especially when
G-forces are sustained.
Just to be complete I wish to mention the higher Price.

5. Graduated filters
These types of glasses are coated from top to bottom with varying intensity (15). They are
pleasant to wear on the ground since the blinding bright light normally comes from above. In an
aircraft above the clouds and at higher altitudes the effect of brightness is reversed. Blinding
comes from below and hits the upper retinal portions which are more sensitive than the lower ones.
In sun glasse graduated tinting from top to bottom offers no protection under certain flying
conditions. For the pilot flying on top of the clouds for instance glasses should rather be tinted
darker on the bottom than on the top with diminishing intensity.
All sun glasses mentioned so far are inferior to the Integrated visor on a flying helmet. The
visor nay be replaced rapidly when the need arises. Pilots should therefore use this protective
Sear when flying.

In the Federal Armed Forces sun glasses are issued to: 1) Flying personnel, 2) ATO personnel,
3) Vehicle operators, (4) Flight line mechanics. They serve to protect the eyes against UV- and
IR-radiation and avoid absolute blinding and bleaching of the vision purpur and thus contributes
to flying safety (Fig. 7.).

German Aviator's sun glasses

Fig. 7
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PROBLEMS ARISING FROM THE WEARING OF HEAD EQUIPMENT

Colonel Robert E. Forgie, Head, Division of Ophthalmology
National Defence Medical Centre, Ottawa, KIA 0K6, Canada

SUMMARY

The major problems associated with wearing of helmets and oxygen masks are listed.
Some of the methods of dealing with the non-optical problems are mentioned. The optical
problems are dealt with in more detail and a review of the hypobaric chamber and human
centrifuge experiments with soft contact lenses is given together with observations on
the use of soft lenses in aircraft. The advantages, disadvantages, complications and
limitations of soft contact lenses in military aircrew are discussed briefly with the
conclusion that there is a useful if limited role for soft contact lenses in selected
military aviators.

INTRODUCTION

The purpose of this presentation is to review the problems associated with the
wearing of head equipment by aircrew and to describe briefly our attempts in the
Canadian Armed Forces to deal with some of these problems. The major difficulties
associated with the head equipment required in modern aircraft are:-

a. Mechanical Problems
Weight - general discomfort of any heavy object on the head.

- increased danger of acute flexion injuries of the neck
during violent -Gz acceleration or lateral acceleration.

- aggravation of low frequency vibration problems.

b. Insulation Problems
Noise - tight fit needed for adequate sound insulation.
Thermal - heat stress with chemical warfare gear.

c. Optical Problems
Loss of peripheral visual field.
Incompatibility with spectacles.
Visual inundation of aircrew by adding more and more visual data to be
processed - head mounted displays.

d. Psychological Problems
Claustrophobia produced by totally enclosed types of helmet.

The problems of designing helmets which are light and yet strong enough to give
adequate protection from injury are considerable but will not be discussed here. The
need for special head protection in the chemical warfare environment has produced
problems with heat build-up and may limit mission duration unless head cooling devices
are incorporated - a solution which compounds the weight problems.

The question of noise insulation is important because this is a significant fatigue
factor, causes problems in accurate communication and is a major distractor in the
flyer who already has a massive sensory load to deal with. Proper design and fitting
of headphones and microphones and electronic noise suppression in radios reduces these
problems.

Many of the mechanical and insulation problems are solved by-helmets which enclose
the head completely and are supported on the shoulders. These helmets have been used
extensively in space exploration missions but they induce claustrophobia in some
subjects and are less acceptable to aircrew than the open front types of helmet.

OPTICAL PROBLEMS

There is increasing use of head-up displays and of helmet mounted displays in high
performance aircraft. These avoid the problems of unnecessary head movements and time
lost in visual search and scanning in the cockpit but consideration must be given to the

possible problems of inundating the flyer with a mass of visual data which may impose an
unacceptable load. The importance of peripheral visual field input in the exacting taskof nap-of-the-earth flying is receiving attention now and care will be needed to avoid
giving the aircrew visual tasks which may detract from the peripheral visual input which

appears to be vital in high speed low level flight and in low level helicopter
operations at night.

The return to the hot pursuit type of role for fighter aircraft, much as in World
War Two aerial combat situations, has reminded us of the vital role of active scanning
and visual search of the sky. The importance of unobstructed peripheral vision is
obvious. Totally clear aircraft canopies are a step in this direction although they
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bring with them the problems of peripheral distortion, colour dispersion and severe
halo effects from surface scratches.

With regard to helmets the problem is to achieve the optimum balance between the
amount of the cut away portion of the helmet and the required mechanical protection of
the head. Closer fit of the helmet to the head allows improved peripheral vision but
some spacing is required for the necessary insulating and supporting material.

This bring us to the more mundane question of the pilot or navigator who requires
an optical correction to function properly. In spite of the best efforts to screen
aircrew applicants and select only those with good uncorrected vision there are some
who develop myopia during their flying career and of course all will develop presbyopia
sooner or later. Withdrawing the flying category of these highly trained individuals is
not practical. Some restriction in the type of military flying they are allowed to do
may be appropriate. The problems created by spectacles in aircrew will be summarized
and our experience since 1977 in solving these problems with the use of soft contact
lenses is outlined.

The problems created by wearing spectacles have been described by Crosley (1) and
include the following:-

a. Spotting and fogging of lenses by rain and atmospheric temperature changes.

b. Impaired peripheral vision due to frames and prism effect of lens periphery.

c. Annoying reflections from the rear surface of lenses.

d. Possibility of revealing reflections from front surface of lenses in combat.

e. Possibility of ocular injury from broken frames or lenses.

f. Loss of glasses in severe turbulence or explosive decompression.

g. General discomfort and inconvenience of an extra piece of equipment on the

face and slippage under G loading.

h. Loss of sound insulation and discomfort of temple pieces under headphones.

i. Incompatibility with gas mask and with optical equipment such as night visiongoggles, sextants, gyro-stabilized binoculars and sighting devices.[

More than twenty years ago the value of hard (polymethylmethacrylate) contact
lenses in the military environment was studied by Tournour (2). Our studies have been
with soft (hydroxy-ethylmethacrylate) lenses only. It was felt that the increased
chance of corneal abrasions, easy loss of the hard lenses from the eye and the
significant incidence of spectacle blur make the hard lenses unsuitable for military
aviators.

In 1977 some preliminary studies were done with ten volunteers in the hypobaric
chamber to evaluate comfort, stability of vision and gas bubble formation during rapid
ascent. The lenses used were 14 mm diameter lenses with a water content of 55%. The
only finding of note in this study was minimal gas bubble formation under the lens
periphery in two subjects during ascent at 5000 metres per minute (16000 feet per min.)
from ground level to 8000 metres (25000 feet). These bubbles were very small, visible
only with the slit-lamp, limited to the limbal sulcus and in no way interfered with
vision or with positioning of the lens on the eye. The bubbles disappeared within ten
minutes at an altitude of 8000 metres (25000 feet). The initial chamber run lasted only
1 hour 51 minutes during which time none of the subjects experienced any significant
drying effect in an atmosphere with relative humidity of less than 2%. Eng (3) has
reported that 50% of flight attendants wearing soft contact lenses experienced some eye
irritation between take-off and two hours into the flight and that this had risen to
85% by five hours. In these cases atmospheric pollution by tobacco smoke was considered
a singificant irritant.

The results of these preliminary studies were similar to those reported by
Chevaleraud (4) and encouraged us to proceed with actual trials in aircraft. Initially
only navigators or pilots flying with or as co-pilots were allowed to fly wearing the
lenses. The volunteers were monitored regularly by an ophthalmologist and any subject
who developed any problem was dropped from the study. The types of aircraft flown by
subjects in the study included helicopters, B-707, Cosmopolitan, Buffalo, Argus, Orion,
Nimrod, T-33, CF-5 and CF-104. Twenty eight subjects were followed for periods from
six to twenty four months at which time a survey was made with the following results.

6 subjects were dropped from the study leaving 22 for evaluation
6 subjects were extremely enthusiastic
11 subjects were satisfied
5 subjects were not really happy but continued the trial

77% successful. 23% unsuccessful.
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The reasons for subjects being dropped from the trial were one or more of the
following:

Inadequate or unstable vision
Too much trouble to look after the lenses
Tendency for eyes to feel dry after several hours in the aircraft
One subject felt psychologically insecure without his glasses.

Various authors including Nilsson and Rengstorff (5), Tournour (2) and many others
have reported on the effects of +Gz forces on contact lenses but without attempting to
quantify the movement of the lenses. In 1980 we conducted a study in which the lens
displacement was measured. The lenses used in this study were marked with a large
white cross and were supplied through the courtesy of Titmus Eurocon Kontaktlinsen KG,
Aschaffenburg, West Germany.

CENTRIFUGE STUDY - METHOD

Six healthy male volunteers were exposed to +Gz in the centrifuge at the Defence
and Civil Institute of Envoronmental Medicine (DCIEM) in Toronto, Canada. Each subject
was wearing lathe-cut soft lenses with a water content of 40%. The lenses were of
hydroxymethylmethacrylate, 15 mm in diameter with an optical zone 13 mm wide. The basecurve radius was 9 mm and was in all subjects flatter than the base curve of the lenses

normally worn by the subjects, consequently a loose fit was obtained. Each subject was
examined with a slit-lamp before and after the centrifuge ride to evaluate lens fit.

Each subject was given an initial run at 5G. Subjects who did not have significant
discomfort due to the +G in the first run were given a second run to 6G. These
acceleration forces were recorded at mid-gondola level. Each run lasted approximately
21 seconds. The G force was applied at a rate of 0.5G per second and the maximum G held
for 3 to 8 seconds. Movement of the lenses was filmed with a LOCAM camera run at 200
frames per second.

The films were projected and the magnified displacement of the lenses measured
along the z axis using the iris as a reference. The measurements were corrected to
real values. The position of the lens in each eye at +1G, prior to the start of the
run, was used as a zero value for subsequent measurements. Each measurement was graded
as unusable, poor, fair, good, very good or excellent depending on the accuracy with
which the measurement could be made. The mean and standard deviations were calculated
for all data graded "good" or better. The distance from the centrifuge seat to the
subject's eye level was measured and a value of 79 cm (31 inches) was used to
calculate actual G forces at the eyes.

CENTRIFUGE STUDY - RESULTS

Usable data was obtained from 18 eyes. In 12 eyes the data related to the 5G runs
(actual maximum at the eye level +4.2Gz) and in 6 eyes to the 6G runs (actual maximum
at the eye level +5.lGz).

Table 1 shows all data from the 5G runs.
Table 2 shows all data from the 6G runs.

Table 3 shows selected data from the 5G runs.
Table 4 shows selected data from the 6G runs.

It was observed that the soft contact lenses were displaced along the z axis
during the +Gz exposures. In four of the eighteen eyes there was an upward displacement
of the lens from 0.3 mm to 0.8 mm at some time during the run, generally at the time of
maximum G stress and probably explained by lid tightness, squeezing and blinking. In
fourteen of the eighteen eyes there was downward displacement of the lens which varied
from 0.1 mm to a maximum of 3.4 mm. The amount of lens displacement between subjects
was highly variable and affected by blinking, facial tensing and lid tightness but in
no subject was the slippage sufficient to leave the pupil uncovered by the optical zone
of the lens.

CENTRIFUGE STUDY - CONCLUSIONS

Standard 15 mm hydroxy-ethlymethacrylate soft contact lenses are suitable with
respect to +Gz forces for use by aircrew who do not experience more than +5.lGz at
eye level.

In addition to this experimental data we have isolated reports from pilots who

have experienced Gz forces ranging from -3 to +7 with no detectable slippage of their
soft lenses.



The question of low partial pressures of oxygen continues to be of interest

obsrve noserousproblems in our preliminary chamber studies in 1977 but the runs
wer o shrtduration. Eng, Rasco and Marano (6) studied 8 volunteers wearing soft

lenses at simulated altitudes up to 9144 metres (30000 feet) for 3 hours and found no
adverse effects on visual acuity, refraction, biomicroscopy or keratometry. On the
other hand, Hapnes (7) found that all 5 subjects wearing soft lenses exposed to a
simulated altitude of 6000 metres (18000 feet) for four hours showed debris in the
tear film on slit-lamp examination. Three of the 5 subjects experienced subjective
irritation and one developed discomfort, photophobia and lacrimation severe enough to
terminate the experiment.

HYPOBARIC CHAMBER STUDY - METHOD

Three experiments were done at the DCIEM hypobaric chamber in 1980. The first run
was to a simulated altitude of 8000 metres (25000 feet) for 2.5 hours using nine soft
lens wearers and two subjects as controls. The second run was to 3000 metres (9000 ft.)
for 6 hours using eight lens wearers and two control subjects. The third run was an
explosive decompression to 3330 metres (10000 feet) using eight lens wearers and no
controls. All the lens wearers were accustomed to wearing soft contact lenses. The
rates of ascent were 1700 metres per minute (5000 feet per minute) during the first two
runs and approximately 6700 metres per second (20000 feet per second) during the rapid
decompression. All rates of descent were 1700 metres per minute (5000 feet per min.).
These hypobaric conditions were felt to reflect accurately the pressure environments
normally experienced by Canadian Forces aircrew.

During the 8000 metres (25000 feet) run the chamber oxygen level was monitored
continuously using a BIO-MARINE OM 300 oxygen meter. Before and every two hours
during the 8000 metre and 3000 metre runs each subject was evaluated for:-

a. Distant and near visual acuity using Snellen type
b. Slit-lamp examination for:-

Lens position and movement
Gas bubble formation
Globe injection
Tear film debris
Corneal thickness (Haag-Streit pachometer)

c. Tear film samples for microscopy
d. Subjective symptoms concerning any ocular discomfort or other visual complaints

In the expolsive decompression the subjects were examined in the chamber immediatly
after the decompression using the slit-lamp. Corneal thickness was not measured and
no tear film samples were collected.

The observations of globe injection, tear film debris and fluorescein staining
were graded as follows:-

+ absolutely minimal changes; have to look hard to see them
1+ minimal changes; easily seen
2+ mild changes
3+ moderate changes
4+ severe changes.

At the conclusion of the 6 hour run the contact lenses were removed from the
subjects eyes and the corneas examined after staining with fluorescein.

HYPOBARIC CHAMBER STUDY - RESULTS

During the 8000 metres (25000 feet) run the oxygen tension rose to a maximum of
24.8% shortly after reaching altitude but within 30 minutes stabilized at 22.6%.

Results of 2.5 hour run at 8000 metres.

No significant changes in vision, lens position and movement,or
corneal thickness.

No gas bubbles at any time.LNeither control subject reported any eye discomfort.

At the start of the run one lens wearer reported mild burning of both
eyes. This had disappeared by the end of the run.

After 2.5 hours the controls had no discomfort but 4 of the 9 lens
wearers (7 eyes) complained of slight burning.

Ak,
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Results of 6 hour run at 3000 metres.

No significant changes in vision, lens position and movement or
corneal thickness.

No gas bubbles at any time.

No subject had any discomfort at start of the run.

After six hours both control subjects complained of dryness in both eyes.

After six hours one lens wearer of the eight complained of dryness in
both eyes and slightly hazy vision in both eyes. His measured visual
acuity was unchanged from the pre-run values.

Globe injection - there was no significant change in globe injection during the
2.5 hour run. During the 6 hour run the lens wearers showed slight increase in globe
injection. Control subjects also showed slightly increased globe injection but to a
lesser extent.

Tear film debris - minor changes were noted in the tear film debris in bcth
controls and lens wearers during the runs but there was no clear evidence that the
tear film debris increased significantly as the runs progressed.

Fluorescein staining - after six hours at 3000 metres (9000 feet)
4 control eyes showed no staining
18 test eyes - 3 showed no staining

11 showed + staining - absolutely minimal
2 showed 1+ staining - minimal
2 showed 2+ staining - mild.

Microscopic examination of tear film samples was done on samples taken prior to
the 6 hour run and at 2, 4 and 6 hours into the run. The slides were fixed in alcohol,
stained with Papanicolau stain and examined by one observer who was not aware of the
source or timing of the samples. Epithelial cells, polymorphonuclear leucocytes and
lymphocytes were identified and counted. The results were evaluated statistically and
found to be so widely variable that there were no significant differences in the numbers
between lens wearers and controls or between the beginning and end of the experiment.

HYPOBARIC CHAMBER STUDY - CONCLUSIONS

Although subjects experienced minor discomfort and showed some tear film debris
after exposure to simulated altitudes of 8000 metres (25000 feet) for 2.5 hours and of
3000 metres (9000 feet) for 6 hours in no case was there any problem sufficient to
potentially interfere significantly with aircraft control. Visual acuities were not
affected.

COMPLICATIONS & LIMITATIONS OF SOFT LENSES

The subjects selected for these trials were all briefed most carefully and were
followed closely by their flight surgeons and ophthalmologists until satisfactory wear
of the lenses was achieved. There have been no seroius complications to date. One
subject, a transport pilot, experienced delays en route and wore his lenses for over 16
hours soon after he started in the study. He had very little discomfort until he
removed the lenses but had sustained bilateral corneal epithelial damage sufficient to
produce blurring of vision and discomfort which kept him out of action for 24 hours. He
recovered completely.

Our experience with toric soft lenses is very limited but we have been disappointed
with them. They are less comfortable than the spherical lenses and stability on the
cornea is still a problem. We have used extended wear lenses (75% water content) in
only a few cases and do not have sufficient data to be significant. The subjects who
have used these lenses have been very satisfied with them and they may have a place in
aircrew who are on round-the-clock standby and who have to "scramble".

FINAL CONCLUSIONS

It is desirable to select aircrew who do not need to wear any optical correction.
Selected aircrew can wear soft contact lenses and operate without any problems in a wide
variety of military aircraft. Those aircrew who adapt to soft lenses are generally very
pleased with them particularly with regard to the improved peripheral vision, freedom
from spotting and fogging of spectacles, greatly improved comfort of headphones and the
compatibility with special optical devices. Notwithstanding the enthusiasm of the
subjects in our trials the following disadvantages exist:-

General disadvantages compared with spectacles
More trouble to look after
More expensive to provide and maintain
Visual acuity sometimes less than optimum

ILL
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General disadvantages - continued
Uncomfortable for some subjects
Infrequent but serious complications such as corneal vascularization

and infected corneal ulcers.

Specific disadvantages in military environment
Hygiene problems in field conditions
Aircrew on alert status need to sleep with lenses in
Irregular schedules and long missions
Exposure to toxic fumes and chemical warfare agents

There are serious complications associated with soft contact lens wear although
these are rare. Permanent visual loss from corneal scarring due to Pseudomonas
infection has been reported. if corneal vascularization does not prove to be a problem
the extended wear lenses may be safer than ordinary soft lenses because of reduced
handling and therefore reduced chance of contamination.

The comments in this paper are those of the author and in no way reflect any
official policy of the Canadian Forces Medical Service.
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TABLE 1 TABLE 2
All Data for 5G Runs All Data for 6G Runs

t +Gz +Ge n x S.D. t +Gz +Ge n x S.D.
0 1 1.0 12 0.00 0.00 0 1 1.0 6 0.00 0.00
2.35 2 1.8 12 0.37 0.42 1.88 2 1.8 6 0.25 0.21
4.7 3 2.6 12 0.57 0.51 3.76 3 2.6 6 0.30 0.25
7.05 4 3.4 12 0.57 0.51 5.64 4 3.4 6 0.37 0.20
9.4 5 4.2 12 0.71 0.69 7.52 5 4.2 6 0.50 0.45
10.4 5 4.2 12 0.83 0.76 9.4 6 5.1 6 0.85 0.36
11.4 5 4.2 12 1.05 0.82 10.4 6 5.1 6 1.01 0.54
12.4 5 4.2 12 1.03 0.77 11.4 6 5.1 4 1.31 0.32
13.4 5 4.2 12 1.12 0.87 12.4 6 5.1 2 0.91 0.00
14.4 5 4.2 8 1.44 1.10 14.4 5 4.2 4 1.27 0.54
15.4 5 4.2 8 1.24 1.17 15.8 4 3.4 4 1.26 0.29
16.4 5 4.2 4 1.39 1.07 17.5 3 2.6 4 1.16 0.45
17.4 5 4.2 2 2.41 0.00 19.2 2 1.8 4 1.69 1.17
19.5 4 3.4 12 1.17 0.89 20.9 1 1.0 4 1.78 1.02
21.6 3 2.6 12 1.03 0.99
23.7 2 1.8 12 0.69 0.93
25.8 1 1.0 10 0.71 0.83

TABLE 3 TABLE 4
Selected Data (Graded Good or Better) Selected Data (Graded Good or Better)

For All 5G Runs For All 6G Runs
t +Gz +Ge n x S.D. t +Gz +Ge n x S.D.
0 1 1.0 12 0.00 0.00 0 1 1.0 5 0.00 0.00

2.35 2 1.8 10 0.36 0.44 1.88 2 1.8 5 0.24 0.23
4.7 3 2.6 12 0.57 0.51 3.76 3 2.6 5 0.24 0.23
7.05 4 3.4 12 0.57 0.51 5.64 4 3.4 5 0.42 0.19
9.4 5 4.2 11 0.75 0.71 7.52 5 4.2 5 0.66 0.26
10.4 5 4.2 11 0.82 0.78 9.4 6 5.1 5 0.93 0.34
11.4 5 4.2 11 1.05 0.82 10.4 6 5.1 5 1.10 0.55
12.4 5 4.2 11 1.04 0.84 11.4 6 5.1 4 1.31 0.32
13.4 5 4.2 12 1.21 0.81 12.4 6 5.1 2 0.91 0.00
14.4 5 4.2 9 1.24 1.19 14.1 5 4.2 4 1.27 0.54
15.4 5 4.2 10 1.03 1.14 15.8 4 3.4 4 1.26 0.29
16.4 5 4.2 4 1.39 1.07 17.5 3 2.6 4 1.16 0.45
17.4 5 4.2 2 2.41 0.00 19.2 2 1.8 4 1.69 1.17
19.5 4 3.4 11 1.14 0.92 20.9 1 1.0 4 1.78 1.02
21.6 3 2.6 11 0.98 1.02
23 7 2 1.8 12 0.69 0.93
25.8 1 1.0 8 0.85 0.85

Key for above Tables

t = time in seconds
+Gz = acceleration at mid-gondola
+Ge = acceleration at eye level
n = sample size
x = mean displacement along z axis in mm.
S.D. = standard deviation of displacement
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The diverse applications for lasers now pose a significant ocular hazard to military personnel. The
consequences of over-exposure can vary from a gross burn, with an immediate and profound loss of vision,
to an insidious loss of cone function.

This paper discusses the applications and characteristics of some of the lasers currently available
and relates these parameters to the ocular tissues at risk. The probable visual consequences of laser
induced pathology are considered together with the advantages and disadvantages of protective devices.

Accident procedures, codes of conduct and a hazard related examination protocol are also described.

INTRODUCTION

The word LASER is an acronym for Light Amplification by Stimulated Emission of Radiation.

In the production of laser light suitable molecules are stimulated by the absorption of energy to make
the transition from their unexcited or ground state to a higher unstable energy level. On decaying from
the upper energy level to the stable ground state, energy is liberated in the form of photons of light. In
a typical laser, such as the ruby, chromium atoms in the ruby rod are excited by light energy from a
flash discharge tube to make the transition to the upper energy state. During the spontaneous decay to
ground level, photons of red light at 694.3 nanometres are liberated. As the ruby rod is sited between
parallel mirrors some of these photons are reflected backwards and forwards along the ruby rod and in so
doing cause other excited molecules to make the transition to the lower energy state, liberating more photons
so producing a cascade or laser reaction. If one of the mirrors is also partially transmitting, a pulse of
red light will be emitted (Fig 1).

Totally Partially
reflecting reflecting
mirror mirror

'--I'Flash t~uber'--

II

Fig I. Schematic diagram of a pulsed laser

The wavelengths at which lasers emit are peculiar to the molecules in the lasing material ad these

extend from the near ultra-violet to the far infra-red. Of the diversity of wavelengths available only a
few are in common use, particularly those in the visible band 400-750 m. The argon laser emitting at
488 om is used in such diverse fields as ophthalmic surgery and visual flight simulators; the helium-neon
laser emitting at 632.8 m is used in a variety of applications from optics to engineering and the ruby
laser emitting at 694.3 am is used in rangefinding and engineering. Outside the visible band the most
widely used lasers are the carbon dioxide eitting in the far infra-red at 10.6 microns which is exten-
sively used in engineering for welding, drilling and cutting operation4 and is now finding applications in
optical radar (lidar). The neodymium and gallium arsenide lasers emitting at 1060 tm and 900 me respec-
tively have found applications primarily in the field of rangefinding surveillance, and comunications via
fibre optics or by a covert line of sight link using binoculars.
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Laser light although similar to that from conventional sources differs in some important respects (Fig
2). Laser beams are intense and highly collimated and are thus able to travel over large distances with
minimal beam divergence. This property is used in mining and control of tunnelling or dredging equipment.
The monochromaticity of laser light is used in ophthalmology where the blue light of the argon laser is.
selectively absorbed by haemoglobin in the coagulation of retinal vessels. The monochromaticity and con-
sequent absence of chromatic aberration also allow laser beams to be focussed to produce image sizes as small
as one wavelength. The coherent properties of laser light have found many applications in the fields of data
processing, holography, communications, stock control and precision engineering. The intensity, collimation
and monochromatic nature of laser beams are used in combination to produce very small intense spot sizes;
this can result in temperatures of many thousand degrees centigrade. This thermal property is used in
engineering for drilling, welding and cutting various materials, including those previously considered to be
refractory.

Laser

~/

4' s

Sl

Fig 2. Comparison between conventional and laser light

Lasers may be operated in two modes, either continuous wave (CW) or pulsed. In general terms the gas
or dye lasers usually operate in CW mode, whereas solid state lasers operate in a pulsed mode. Lasers may
be operated in a 'Q'-switched mode where the pulses are extremely brief lasting only nano or pico seconds,
or else in a normal mode where the pulses are of a much longer duration 0.1-1.1 milliseconds. It is
possible for some CW lasers to mode lock and instead of emitting a continuous beam deliver a train of rapid
pulses. This is difficult to detect and represents a special hazard.

BIOLOGICAL DAMAGE

Only that energy which is absorbed by a system is available to cause damage. Given sufficient power
all biological tissues are at risk. The eye, however, is at special risk as although it is only adapted to
perceive electro magnetic radiation in the very narrow band from 400-750 m, it will refract light from
400-1400 nm bringing long ultra-violet to near infra-red radiation to a focus on the retina. Outside the
band 400-1400 rim ocular tissues become progressively opaque and the energy is absorbed by the external
tissues such as cornea, conjunctiva, sclera and skin. With the diversity of wavelengths at which lasers
emit all ocular tissues and the adnexa are at risk (Fig 3). For this reason, and the importance of sight,
most safety considerations are based on the ocular hazard. Table I lists the wavelengths at which some of
the more comon lasers emit.

TABLE I

Near Ultra Violet Long Ultra Violet,
Visible and Near Infra Red Middle and Far Infra Red

Lamer T Wavelength Laser Ty Wavelength L Wavelength
(ma) (rm) (nm)

Xenon 173 Argon 488,514.5 Erbium 1540
Helium Cadmium 325 Frequency Doubled Holmium 2060Nitrgen337Neodymium 530Nitrogen 337 Hydrogen Fluoride 2790
Frequency Doubled Helium-Neon 632.8 Deuterium Fluoride 3830

Ruby 347 Krypton 530,568,648 Carbon Dioxide 1060

Ruby 694.3

Gallium Arsenide 850-950

Neodymium 1060
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Short ultraviolet Long ultraviolet and visible
(02 - 40 microns) (0-., -4" 7 microns)

Near infrared Far infrared
(0.7 - 1i microns) (1.4 - 100microns)

Fig 3. Transmittance characteristics of the eye

Hazards from Lasers Emitting Visible or Near Infra Red Radiation

Radiation from lasers emitting in the bandwidth 400-1400 nm is primarily absorbed by the pigmented

structures within the eye and the degree of pigmentation varies both racially and individually. The most

important pigment containing tissues are the retinal pigment epithelium and the choroid both of which con-
tain melanin. Of lesser importance are the iris pigments, macular pigments and haemoglobin (Fig 4).

.. ____ __.Ultra -Violet

Non- pigmented Visible & Near
Infra-Red

(Argon)

Visible & Near Infro-Red
(In Pigment Epithelium)

Fig 4. Wavelength band specificity of ocular absorption sites

Laser radiation is first refracted by the cornea which has an approximate power of +43 dioptres. The
light is then incident on the iris, it is unusual with collimated sources for significant amounts of energy
to be absorbed by the iris pigments ,but with high power lasers or convergent beam geometry the iris could
suffer burns, and this heat could be conducted in sufficient quantity to the underlying lens to cause an
opacity or cataract. The iris acts as a limiting stop regulating the amount of light entering the lens
through the pupil. The pupillary excursion normally varies between 3-7 ma but with drugs this may increase.
The eye lens which has an approximate power of +20 dioptres continues the refraction comenced at the cornea
aid brings parallel bem of light to a focus at the retina. Under the most hazardous conditions the optical
gain from cornea to retina may approach 4.5 x 10 5 (Fig 5). The laser light traverses the retinal neural
layers until it is absorbed by the retinal pigment epithelium and choroid. The retinal pigment epithelium
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also bears an intimate relationship to the photo sensitive outer segments of the rods and cones which it
envelops.

Condensing I
lens

Lens

Fig 5. Comparison between the focussi of the sun's rays by a condensing lens
and the refraction of laser light by the eye

Mechanisms of Retinal Damage

At threshold the mechanisms of retinal damage vary according to the duration of exposure. Ultra short
exposures of sub nano second duration from 'Q'-switched lasers produce damage by micro explosions due to
pressure transients caused by the rapid delivery of energy.

Longer exposures in the range micro-seconds to seconds produce damage by thermal means and here light
energy is absorbed by the pigment melanin and is degraded, via molecular vibration, which is heat and
this heat may also be conducted to adjacent structures, particularly the photoreceptors (Fig 6 & 7). Thermal
damage to the retinal pigment epithelium may cause dysfunction in its role of metabolic support to the
photoreceptor cells, and also may destroy the integrity of the blood retinal barrier.

Exposures longer than 10 seconds extending into days cause damage by absorption of energy by visual
pigments resulting in an over bleach and membrane destabilisation with the consequent release of photo
toxic-products into the photoreceptors and retinal pigment epithelium. Many of these photoxins are free
radicles and may be scavenged by melanin and so neutralised. The pigmented races are thus better pro-
tected against long-term light damage than Caucasians, but are more at risk from thermal mechanisms. This
may account, in part for the natural geographic distribution of the coloured races.

e.

-f ' L. . --

Fig 6. Suprathreshold laser lesions with Fig 7. Photoicrograh of an ophthalo copically
large vitreous hausorrhaue DrOduced visible lesion :roducd by a neOdvuiiU
b- a aoMIM alM a laser
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Hazards from Lasers Emitting Near Ultra-Violet or Far Infra-Red Radiation

The energy from lasers emitting in the near ultra-violet or far infra-red is absorbed by all biological
tissues. The damage produced by these lasers is usually imediate, obvious and painful. The energy will be
absorbed by the first tissue illuminated, which will be either the external surface of the eyeball or the
ocular adnexa. The most significant tissue at risk is the cornea, as burns of this structure may result in
a permanent scar in the long-term and intense pain and blepharospasm in the short term, immediately following
the accident.

VISUAL CONSEQUENCES OF OCULAR DAMAGE

Cornea

The cornea is the window of the eye and the air corneal interface provides the majority of the refrac-
tive power of the eye. It is composed of 4 layers, an outer epithelium which will regenerate within 48
hours when damaged, a regularly ordered layer of fibrous lamellae called the stroma and a thin inner elastic
membrane called Descemets which is covered by an endothelial coat. The total thickness of the cornea varies
from 0.7 mm at its centre to 1.0 mm at the limbus or junction with the sclera.

Laser damage which is confined to the epithelium will regenerate within 2 days but such damage will be
immediately painful and incapacitating. Deeper damage involving the stroma may result in a permanent opaque
scar (Fig 8). If this scar is at the corneal centre it is likely to cause a severe visual deficit requiring
a graft. The visual consequences of peripheral scars will vary with their distance from the visual axis.
Damage to the deepest layers of the cornea may have an effect on the optical quality of the cornea as the
function of the endotheliun is to actively pump sodium ions and associated water from the cornea into the
aqueous. If the endothelial cells are compromised water collects in the stroma which becomes oedematous and
loses its transparency.

austntis

Fig 8. Corneal lesion extending into substantia propria (stroma)
produced by a carbon dioxide laser

Iris

The iris is a pigmented contractile tissue which has a hole in its centre called the pupil. The
colour of the iris is dependent on pigment, brown eyes being heavily pigmented whilst blue eyes are rela-
tively lightly pigmented. Laser damage to the iris is relatively uncommon unless the laser beam is focussed
on it, as in producing a laser peripheral iridectomy in the treatment of glaucoma. Burns of the iris may
result in an inflammatory condition called iritis, but the most severe consequence of an iris lesion would
be conduction of heat to the eye lens resulting in a cataract.

Retina

The retina is a thin transparent membrane which lines the posterior compartment except anteriorally

and at the back where it is perforated by the optic nerve. The outermost layer of the retina is the pig-

ment epithelium and this lies on the choroid. Inner to the pigment epithelium are the light sensitive
receptors called rods and cones, inner to the rods and cones are the bipolar cells and their synaptic
layers and innermost of all are the ganglion cells and their axons which converge on the optic disc. It
will be appreciated that light in its passage to the photosensitive outer segments of the rods and cones
has to traverse all the retinal nerve fibre layers. The reason for this anomaly is the necessity to
satisfy the high metabolic requirements of the photoreceptors by pGritioning them next to the vascular
choroid. There is a specialised area of retina known as the macult. with the foveal pit at its centre.
This area lies approximately 3 = temporal to the optic disc and is used for all tasks demanding high

visual acuity both form and colour, and is an area composed entirely of cones and this is the region of



retina you are using to read this paper. The rods which increase in density peripheral to the fovea, are
used for night vision being highly light sensitive, when adapted, but they cannot differentiate colours or
provide a good form acuity. If one considers foveal acuity as unity it is found that at 50 eccentric from
the fovea the acuity has dropped to 0.25, at 200 eccentric to the fovea this figure has fallen to 0.05.
It is damage to the macular region with which we are most concerned as it is cell damage here which causes
the most profound effects on vision. Although the visual consequences of lesions fall, with increasing dis-
tance from the fovea it is possible to damage nerve fibre bundles, particularly those radiating from the
fovea to the optic nerve, to produce visual deficits more severe than the lesion would suggest. Gross
burns are also likely to cause a choroidal haemorrhage in which blood may flow into the vitreous with a
catastrophic effect on vision, although this is likely to recover with time. As the retina does not
possess pain fibres laser accidents may well go unnoticed particularly if the lesion is peripheral and pro-
duced by a near infra-red laser which is invisible.

There is a secondary absorbing site at the macula in the inner plexiform and nuclear layers where the
blue/green wavelengths are selectively absorbed in the yellow macular pigment. These blue/green wavelengths
produced by the argon and dye lasers are also absorbed by the haemoglobin of red cells within the retinal
vasculature.

NATURAL PROTECTIVE MECHANISMS

The eye possesses protective mechanisms which may assist in limiting laser damage. Lacrimal fluid in
comon with biological tissue is opaque to the far infra-red wavelengths and to a limited extent the tear
film will absorb and dissipate energy incident upon it. The cornea is richly innervated and any damage
causes intense pain and triggers the sensory blink reflex within approximately 0.1 second, thereby limiting
further damage. Bright light from visible lasers will stimulate the optical blink reflex but this is even
slower than the corneal reflex and does not provide protection against pulsed lasers, but it may be of
value with continuous wave lasers. The blink reflex times will increase with age or some drugs. A bright
working environment may help to protect the retina by ensuring that the amount of energy enterfng the eye
is limited by a small pupillary diameter. Normal eye movements, tremors and microsaccades, whilst again
too slow to mitigate damage from pulsed lasers may be of assistance with continuous wave and repetitive
lasers by spreading the energy over a wider area. The optical quality of the human eye is such that spot
sizes smaller than 10-20 microns are unlikely to be achieved.

CODES OF PRACTICE

It is essential that all personnel be aware of the potential hazards associated with the equipment
with which they are involved and that there is strict compliance with the safety measures and precautions
elaborated in national codes of practice, such as British Standard 4803 (Ref 1) and authoritative pub-
lications on laser hazards and safety produced by bodies such as Agard (Ref 2).

Most safety codes for lasers emitting in the wavelength band 400-1400 nm are based on threshold
studies for a single event thermal lesion, where ocular damage is related to wavelength, retinal image
size, pulse duration and retinal energy density. Current codes of practice are related to ED 50 studies
in primates based on ophthalmoscopically visible lesions with an added safety factor of approximately 20
times to take account of more sensitive endpoints for damage,such as fluorescein angiography or electron-
microscopy. Current probability studies for damage based on the original data gives confidence in these
figures.

STANAG 3606 (LAS) (Edition No 3) (Amendment No 4) Evaluation and Control cf Laser Hazards gives a
laser system hazard classification and is reproduced below. In essence this divides lasers into 4 classes
of increasing hazard, lasers which are eye safe, lasers which are safe when the exposure is limited by the
blink reflex, lasers in which only the diffuse reflection is safe, and lasers where even the diffuse ref-
lections are a hazard. Most lasers of military importance are Class 3 or 4. The tables and annexes
defining protection standards may be obtained by referring to the original document.

Laser System Hazard Classification

All laser systems can be grouped into one of four classes, which indicate the degree of hazard poten-
tial based solely on laser output parameters, as followst

a. Class I - Exempt. If the total output power or pulse energy concentrated into the limiting
aperture, ie 7 - for A < 1.4 pm or 1 mm for X o 1.4 um, which could occur during intrabeam
viewing with a magnifying optical instrument, does not exceed the appropriate Protection Standard
at the laser transmitter optics exit aperture, then the laser system is classified: Class I -
Exempt. This implies a nominal ocular hazard distance of zero and thus no further hazard
evaluation is needed on Class I systems. See, however, Class III.a. below.

b. Class II - Low Power. The following laser systems are classified: Class II - Low Power:

(1) Visible (400 ra to 700 m) CW laser devices with output power greater than 0.4 pW but equal
to or less than 1 roW.

(2) Visible repetitively pulsed laser devices, which cannot emit enough energy to exceed the

appropriate protection standard (Table D-I and D-IV) anywhere in the beam during a time
interval which is the least of either 0.25 s or the maximum possible duration inherent in
the system.

No further hazard evaluation of Class II laser systems is required.

c. Class III - Medium Power. These ate laser devices which emit radiation that is hazardous to view
directly or after specular reflection, but under normal viewing conditions are not hazardous
after reflection from a diffuse surface. The following laser systems should be classified%
Clas IZ - Nsdism Powers



5-7

(1) Single-pulsed lasers, if the radiant exposure (H) per pulse at the transmitter optics exit
aperture exceeds the appropriate Protection Standard (see Annex D), but falls below the
values in Table B-I for diffuse reflections.

(2) All CW lasers which do not fall within Class I or Class II and whose power outputs do not
exceed 0.5 W.

(3) For repetitively pulsed lasers of PRF greater than 1 Hz, it is necessary to determine the
protection standards both for the pulse width and pulse train criteria (Table D-IV) If,
after applying the conversion factor, the radiant exposure (H) at the transmitter optics
exit aperture exceeds the figures in Table D-I, but if the device is not able to cause
hazardous reflections from a Lambertian reflecting surface according to Table D-II and D-IV,
then the laser falls into this class.

A special class IIIa is applied to laser devices which for intra-beaming viewing with the unaided eye
appear to conform to the criteria of Class I - Exempt, but where the Protection Standard is exceeded
for viewing with magnifying optical instruments (see paragraph 5b).

d. Class IV - High Power. These are lasers which exceed the upper limit of output power for a Class
III laser and may therefore produce a hazardous diffuse reflection from targets near the laser.

More recent work has shown that codes based on a single event thermal lesion may not protect personnel
exposed to long-term laser exposure. Noell (Ref 3) in 1965 discovered that the rat retina could be damaged by
exposure to moderate light sources. Marshall (Ref 4) showed that pigeons exposed to moderate white light
luminances suffered cone loss; he continued his work with fish (Ref 5) where he was able to selectively
damage specific cones responding to one primary colour, by illuminating the aquarium with monochromatic
light. Harwerth & Sperling (Ref 6) in their behavioural studies produced temporary and permanent colour
blindness in monkeys following exposure to intense spectral sources. Ham (Ref 7) in his studies showed
that retinal damage thresholds decreased for short wavelengths. Zwick (Ref 8) exposed 2 monkeys to very low
luminances of argon laser irradiation on a hemisphere and was able to show that photopic visual function
was substantially depressed and that recnvery was minimal over a 12 month period.

Concern is now felt that current codes of practice may be inadequate to protect individuals exposed,
for long periods, to sub-threshold levels of laser irradiation, particularly so with lasers emitting at the
blue end of the spectrum. Many workers are involved in activities such as research, holography, data pro-
cessing, laser light shows and laser scan visual flight simulation entailing exposure over long periods to
sub-threshold laser irradiation, often from the argon laser. It is essential that further research into
this hazard be undertaken (Brennan, Ref 9) (Fig 9).

Fig 9. View of argon laser scan camera and terrain model

PROTECTIVE EYEWEAR

Safety precautions should ensure that all non-essential personnel are excluded from a laser working
area and that all specular reflectors are removed where possible. The working environment should be well
lit to limit pupillary size and suitable locks and warning signs must be provided. Whenever possible lasers
should be so constructed that their output is totally confined and interlocks designed to switch off power
when the laser system is openad. There will, however, always be occasions when lasers are used in the field
or when the laser beam must be exposed for technical reasons. In these circumstances the provision of pro-
tective eyewear should be considered.

Protective eyewear should comply with the specification in CEN/TC 85/WG 3 (Eye-protectors against
Laser Radiation), and be designed to have the widest possible field of view, to be comfortable for long-
term wear, to incorporate or allow the wearing of corrective lenses, and to be adequately ventilated to
preclude misting. The filters should be of a high optical quality with the maximum luminous transmittance
in both photopic and sotopic modes but weighted preferably to the CIE photopic luminosity curve. There
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should also be the minimum interference with colour discrimination.

The filters should be boldly marked with the laser wavelength(s) at which they offer protection and
with their optical densities (OD) at these wavelength(s). The filters should be incapable of being removed
from their frames and be fracture-resistant, splinter-proof and non-flammable in accordance with national
standards for protective eyewear. The filters must not lose their protective properties when irradiated
by lasers or demonstrate any induced transmission. The filters should be regularly inspected for defects
such as cracks or bleaching and tested to ensure their OD is being maintained.

Protective eyewear may be provided in the form of goggles, spectacles or visors (Fig 10). Goggles are the
most widely used as they fit most personnel and some examples permit the wearing of corrective spectacles.
Spectacles which may have plano or corrective lenses are probably the most comfortable and acceptable form
of eyewear, but are expensive. Spectacles can be provided with side shields to prevent the ingress of
unfiltered light but where the loss of lateral field of view may be mcre hazardous than the laser itself,
as when used by aircrew, they should be omitted. The best form of protection for aircrew is to replace a
glare or impact visor with one providing laser protection. Spectacles have one further advantage, it is
easier to provide curved lenses by adopting a standard base 6 D curve. Curved lenses when reflecting laser
beams will render them divergent, flat lenses will allow the beam to retain its collimation and may reflect
hazardous radiation into the eyes of others. Dynamic devices such as the opto-ceramic shutter PLZT, with a
closure time measured in micro-seconds, provide good protection against high energy light sources such as a
nuclear flash. Their response time is, however, too slow to provide protection against the very brief
pulses emitted by a °Q'-switched laser.

An ideal filter would only absorb the wavelength(s) at which protection is required and would trans-
mit freely across the remainder of the visible band. Such filters can be provided using reflective
dielectric coatings; these filters are expensive, fragile and their OD varies with the angle of incidence
of the laser beam. Protection is usually provided by absorption filters in glass, plastic or a laminate.
Glass and glass laminates are considered to be preferable to plastic in terms of scratch resistance and
optical quality. Absorption filters providing protection in the visible band are usually highly coloured
and of a low luminous transmittance. If protection is only required against lasers operating in the near
infra-red this can be provided with OD's varying between 3 and 7 at the Neodymium wavelength (1060 nm) with
a luminous transmittance in excess of 60% and minimal colouration by adopting filters in a glass or a glass
laminate. It is difficult to provide such protection in plastics alone without using dense and coloured

absorbing pigments.

In the selection of laser protective eyewear it is essential to know the wavelength(s) against which
protection is required and the maximum power or energy density to which the filter will be exposed, this
can either be measured or calculated and will determine the OD necessary to protect the wearer. It is also
important to ensure that the wearing of eye protectors does not cause a greater hazard than the laser
itself, by preventing the recognition of warning lights or by restriction of field of view or a low luminous

transmittance resulting in collision in laboratories or crowded servicing bays with high voltage or other
dangerous equipment. It will also be appreciated that goggles which protect against a given wavelength will
also preclude seeing a laser beam at that wavelength and this may be essential in servicing or for scien-
tific purposes.

I
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MEDICAL SUVILLANC

Lasers can produce ocular damage which is immediate, obvious and incapacitating but less severe damage
may be undetected for years, only being discovered on a routine eye examination or when a field deficit is
noticed. Insidious loss of cone function from long-term exposure may be progressive and only detected by
sophisticated tests of photopic function.

Laser damage may be confused with naturally occurring ocular pathology. Retinal burns may resemble
any condition causing oedema or areas of pigmentation or depigmentation, such as central serous retinopathy
or focal choroiditis of differing aetiology. Heat induced lenticular opacities can mimic cataracts from
other causes. It is also considered important to screen personnel so that those who are effectively uni-
ocular or suffer from conditions such as uveitis may be advised of the risks of employment with lasers.

Although the primary reason for ocular examinations continues to be medico legal it is becoming
increasingly irportant to ensure that personnel are monitored to ensure that an insidious and progressive
loss of cone vision does not go undetected.

It is important to ensure that any eye examination and its frequency is both relevant to the hazarA
and that any investigations which are themselves unpleasant or hazardous are eliminated unless, like
fluorescein angiography in accident procedures, considered essential.

For lasers operating in the ultra-violet or far infra-red it is only necessary to examine the struc-
tures such as lids, conjunctiva and cornea. For visible and near infra-red lasers it is necessary, in
addition, to examine the iris, lens and most importantly the retina. Retinal examinations should be

objective using an ophthalmoscope or similar and subjective by testing function with acuity and colour
vision tests. A particularly valuable and simple examination is the Amsler grid, which is a white grid
pattern printed on a black card and when held at 30 cm from the subject's eye subtends a visual angle of
10 around the fixation point. The Amsler grid will detect central and para-central scotomae and localised
area of oedema (Fig 11).

a. Normal grid pattern b. Pincushion distortion

c. Astigmatic distortion d. Para central scotoma

Fig 11. Amsler grids illustrating visual defects which may be Produced by a laser accident

Figs 14 and 15 detail an examination scheme for thermal lesions which is in current use for personnel at
risk from Class III and IV lasers and excluding the time required for mydriasis can be completed within
20 minutes.

Long-term exposure to 'sub-threshold' laser irradiation particularly from the blue wavelengths emitted
by the argon laser does not produce a thermal lesion which can be detected by conventional means and demands
a detailed examination of photopic function. The investigations carried out at Farnborough include:-
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1. Liminal brightness increment (contrast threshold) for white and blue light at photopic and
scotopic luminances.

2. Grating contrast sensitivity.
3. Colour vision testing with Farnsworth Munsell 100 Hue Test.
4. Kinetic quantitative perimetry for white and blue targets.
5. Central visual fields for white and blue light stimuli.
6. Macula thresholds for white and blue stimuli.
7. Photopic portion of dark adaptation curves for white and blue light stimuli, following light

adaptation.

It will be appreciated that foregoing investigations are time consuming and are not suggested as a
routine procedure. In the investigation and research into new potential ocular hazards it is necessary to
look for subtle changes in vision which may only be detected by such techniques.

ACCIDENT PROCEDURES

Whenever there is cause to suspect that a laser accident has occurred, the accident site should remain
undisturbed until it has been investigated by a biophysicist who would attempt to determine the likely

power or energy density which had been present at the worker's eye.

The patient should be examined using the same protocol as for his initial pre-employment medical. If

the lesion can be seen, the extent of the visual deficit should be measured and recorded. If the patient

has any visual deficit following an accident with a laser emitting in the bandwidth 400-1400 nm for which
no cause can be found he should be investigated using the technique of fundus fluorescein angiography (Figs
12 & 13). It is important to remember that this technique depends for its success, in detecting damage
below that visible ophthalmoscopically, on being carried out within 48 hours of the event.

BLACK & WHITE PHOTOGRAPH

FLUIORESCEIN ANGIOGRAM

H~rk ' 2

Fig 12. Comrison between conventional mono- Fig 13. Fluorescein anaio ram of rhesus monkey
Schroe retinal photograph and fluorescein angiogram retina with fluorescent lesions, one lesion being

showing increased detection rate for laser lesions sited on the fovea

Fluorescein angiography is effective in detecting near threshold laser lesions by demonstrating the

loss of integrity of the blood retinal barrier or retinal pigment epithelium. Heat is absorbed by the
melanin within the pigment epithelium causing a shrinkage and pulling apart of the zonula occludens or tight
junctions between individual pigment epithelial cells and allowing fluorescein to percolate from chorold to
retina. The blood retinal barrier generally recovers within 48 hours of the insult. In animal studies
using the rhesus monkey it has proved to be approximately 6 times more sensitive than ophthalmoscopy in
detecting retinal damage from a 'Q'-switched neodymium laser (Borland et al., Ref 10).



Examination date ............ Date of starting/ending laser work .....

"am................................. J4 A g ..

Address .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Place of work....................................

Laser Type * Maximum Output Class Special Features

Worker Hazard Rating High Medium LOW

Delete above where applicable

Ocular history.....................................................................

Entoptic phenomena .................................................................

Relevant general medical history...................................................

Tick where applicable

Right Left

External Appearance: Normal Abnormal Normal Abnormal

1. Lids
2. Conjunctiva
3. Cornea ........ ........
4. Sclera ........ ........
5. iris ..
6. Pupillary size...
7. Pupillary reactions....

Far Near Par Near

S. Visual acuity unaided .................
9. Visual acuity with correction .................

Correction prescription .................

Refraction if V.A. achievable less than
6 /6 6 /6 .6/ C-/

Normal Abnormal Normal Abnormal

10. LAsler grid..................

Clour Vision:

11. Lantern (1-3 minutes visual angle)

___________________________________and/or________________ ______

12. Pseudo isochromatic plates ____

Accepted Refused

13. MydriasLs

Figz 14. Examination scheme for laser workers (Part 1)
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Right Left

Normal Abnormal Normal Abnormal

Slit Leap:

14. Cornea ................................
15. Iris
16. Lens ................. ................

17. Fundus

Taken Not Taken Taken Not Taken

18. Fundus photograph of posterior pole

High Hed Low High Ned Low

19. Ocular pigmentation

Additional examinations at discretion of
4, examinerw e.g.

20. Central fields
21. Applnation tonometry

22.
23.
24.

Narrative description of any abnormalities discovered, accompanied by photographs or
drawings where applicable.

I

Examiner's Nam ......................
Signature ...........

Workers who-are restricted to the use of lasers operating solely in the infra red

wavelengths, above 2 um e.g. carbon dioxide lasers, may have their examinations
limited to the ocular adnexa and cornea.

Fig 15. Examination scheme for laser workers (Part 2)

AIL
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PROBLEMES POSES
PAR LES DEFICIENCES VISUELLES EN AERONAUTIQUE

M~decin en Chef J.P. CHEVALERAUD
Professeur du Service de Santi des Armies

Sous-Directeur
de l'Ecole d'Application du Service de Sant6
pour l'Arn~e de l'Air et du Centre d'Etudes
et de Recherches de k4~decine A~rospatial.
26, boulevard Victor - 75996 PARIS ARM4EES

REUELa protection oculaire contre lea agressions naturelles ou accidentelles, ainsi que la correction des

am~tropies, permettant la poursuite des activit~s a~ronautiques, constituent des probl~mes dont on s'efforce
de trouver les solutions s'adaptant aux conditions des missions.

* D'autres probl~mes peuvent se poser au cours de la carri~re a~ronautique, susceptibles den ganer l'4-
volution et pour lesquels des d~cisions devront 9tre prises. Ces problimes peuvent naitre des anomalies de
la statique et de la dynamique palp~brale, des perturbations de l'appareil lacrymal ou d'anomalies oculomo-
trices. Ils peuvant aussi d~couler d'anomal-ies de transparences des difffirents milieux constitutifs du globe

r 4 oculaire (corn~e, cristallin, vitr6). Ils peuvent provenir d'anomalies iriennes et pupillaires. Enfin, la
pathologie de la chorolde et de La r~tine est 6galement A l'origine de s~quelles qui perturbent l'information

* visuelle.

Toutes ces anomalies sont prises en consid~ration et des attitudes pour y faire face sont propos~es.

A La qualit6 de La performance visuelle n4cessite

- un codage correct de L'information binoculaire,

- une transmission normale, 1 la fois qualitative at temporelle, de ce message tout au long des diff~rentes
structures de la voie optique,

- un d6codage satisfaisant au niveau de laire stri~e, avec 6tablissement de comparaisons, mettent en jeu
les souvenirs. Cette derni~re itape n~cessite 1Lintigrit6 des aires parastri~es. 1

Pour acqu6rir la qualit6 de cette performance et lea assurer de la permanence, diff~rents 616ments
doivent 9tre sollicit~s :motilit6 oculo-palp~brale at motilit6 pupillaire, s6cr~tion et excr~tion des larmes,
transparence des milieux, int~grit6 chorior~tinienne et progression normale du message tout au long du trac-
tus optique.

Cepandant, en cours de carri~re, ces param~tres peuvent subir des altirations, qualitatives ou quanti-
tatives, que nous nous proposons d'envisager, ainsi que la solutions qui peuvent 9tre adopt~es pour y rem6-
dier.

1. LES ANOMALIES DE LA STATIQUE ET DE LA DYNAI4IQUE PALPEBRALE.

1.1. Les ptosis qui constituent La cause La plus fr~quente des anomalies de Is paupiire sup4rieure entral-
nent une r~duction du champ visuel. La chute de la paupi~re peut mgme crier, au momns dans certaines
positions du regard, une perte de la vision binoculeire.

1.2. La r~traction de La paupi~re sup~rieure rompt la protection naturelle du globe ocuLaire. ELLa accroit
les risques des agressions luminothermiques, at 6galement ceux des agressions traumatiqucs. La dishy-
dratation corn~enne eat accantu~e, cc gui crda une irritation at une rougeur conjonctivale.

1.3. La anomalies de La paupi~re inf~rieure aboutissent A La disparition du lac lacrymal, gui entraina
des anomalies de llexcr~tion avec lermoiemant, incompatible avec une perception visuelle correcte.

1.4. Las anomalies de position des cils, le plus souvent d'origine traumatique ou trachomateuse, sont a
L1origine d'alt~rations corn~ennes m~caniques, qui abaissent l'acuit6 visuelle et augmentant la gene
i& 1' 4blouissament.

1.5. routes ces anomalies entrainent l'inaptitude au pilotaga, car elles perturbent l'information visuelle

at sont susceptibles d'angendrer una pathologic du segment ant~rieur.

2. LES ANOMALIES DES vorES LACRYMALES.

2.1. Las anomalies de la glands lacrymale sont rarement an cause. La diminution ou l'absence de sicrition
sont la plus souvent rencontr~es chcz la sujets de .exe f~minin. Las tumeur. de I& glande, dont le
diganostic pricoce eat souvent poa4 sur l'apparition da troubles oculomoteurs, sont rare. pendant la
p6riode d'activit6 adronautigue.

2.2. Las anomalies d'excrhtion sont per contra plus friguentes, consicutivas A une mauvaime perrAbilitd ouIune imperm6abilit6 des canalicules ou du sac lacrymal. Le larmoiement qui en eat la con*6quenc* slac-



2.3. Ces anomalies entrainent une inaptitude, au moins temporaire en ce qui concerne lea vojes d'excr6-
tion. L'aptitude ne peut 4tre envisag~e qulapir-s ritablissement du transit lacrymal.

3. LES ANOMALIES OCULOMOTRICES.

3.1. Les strabismes, mgme op~r~s, constituent une cause d'inaptitude en a~ronautique.
La d~cision est plus difficilo i prendre lorsqu'il slagit de microstrabismes avec acuit6 visuelle nor-
male et bonne appr~ciation de Ia profondeur. Certains sujets d~tect~s tardivement, en cours de carri~re,
ont pu effectuer un approntissage du pilotage quasi normal et de nombrouses heures de vol sans diffi-
cult~s ap' arentes. Une d~cision d'aptitude paralt donc devoir 9tre maintenue.

3.2. Les h~t~rophories,de forte valeur ou d~compens~es, doivent aussi entralnor linaptitudo, qu'elles soient
horizontales ou verticales. Leur aggravation, en altitude et sous 1 influence de la fatigue, peut C&tre
la cause d'une d~t~rioration de la vision binoculairo avec 6pisodes de diplopie incompatibles avec les
imp-6ratifs de la s~curit6 a~ronautique.
L'inaptitude pout n'&tre que temporaire lorsqu'un traitement orthoptique am~liore l'amplitude de fusion,
tant au niveau du sol qu'en altitude fictive au caisson A d~pression.

3.3. Les paralysies oculomotrices non r~gressives,d'origine mhdicale ou traumatique, entrainent linaptitude
* d~finitive A la carri~re a~ronautique.

4. LES ANOMALIES DE LA CORNEE.

4.1. Les anomalies de courbure :k~ratocone et pt~rygion, compto tenu de leur g~nie 6volutif, entrainent
Vinaptitude en d~but de carri~re.
L'apparition d'un pt~rygien en cours de carri~re peut en permettre la poursuite tant que l'aire pu-
pillaire West pas atteinto et si lacuit6 visuelle nest pas abaiss~e. tine intervention esf parfois

- I n~cessairo ;l'aptitude sera alors discut~e en fonction des r~sultats obtenus.

4.2. Les 16sions r~centes traumatiques (plaies) ou infectieuses (k~ratites) sont en cause d'inaptitude. La
dur~e de celle-ci d~pendra du traitement mis en oeuvre et des s~quelles observ~es.
La microchirurgie et les mat~riels de suture modernes permettent actuellement la r~paration de l6sions
traumatiques avec des r~sultats compatibles avec la poursuite de l'activit6.

4.3. Les s~quelles d'affections traumatiques ou m~dicales, qui apparaissent sous la forme d'une modifica-
tion do transparence de la corn~e, seront appr~ci~es sur le plan anatomique et fonctionnel.
Sur le plan anatomique, 1l6tendue et la profondour des l6sions seront prises en consid~ration.
Sur le plan fonctionnel, on 6valuera l'acuit6 visuelle restante, les r~percussions sur le champ visuol
et celles Bur la sensibilitA A l'6blouissement.

4.4. Les greffes corn~ennes lamellaires ou transfixiantes paraissont devoir demeurer une cause d'inaptitude
A la carri~re a~ronautique.
En cours de carri~re, cependant, avec un rocul suffisant et compte tenu des r~sultats fonctionnols,
certains sujots porteurs de groffes peuvent Catre maintenus en activit6.

5. LES ANOMALIES DE L'IRIS ET DE LA PUPILLE.

5.1. Les perturbaticns do la motilit4 pupillaire, aboutissant A une mydriose ou A un myosis permanent uni
ou bilat4ral, sont une cause d'inaptitude quelqu'en soit l1origine.

5.2. En cas de mydriose, l'acuit6 visuelle eat habituellemont diminu~e et la g~ne aux fortes luminosit~s
augmentee.
En cas de myosis r~alisant un trou st~nop~ique, l'acuit6 peut iAtre am~lior~e, mais des inconv~nients
apparaissent en vol de nuit. La capacit6 nocturne est rdduite, ce qui eat objectiv6 par la courbe a-
daptom~trique et la surface du champ visual eat r~duite.

5.3. Lorsque lea pupilles sont in~gales, la vision binoculaire eat perturbie, notanunent le sens de la pro-
fondeur.

5.4. L'absenco de r~flexe photomoteur n~cesaite une recherche 6tiologique complexe. En fonction des r~sul-
tats, l'attitudo sera arrit~e.
Il en eat do cime des pupilles d'Adie(persistance du r~flexe A l'accosusodation - convergence, absence
du r~flexe A la lumiire). Isol~es et d~couvertesaen cours de carriire, ellba peuvont 9tre consid~r~es
cosine compatibles avec le vol. Entrant dana l~e cadre de la maladie d'Adie (abolition des roflexes ro-* I tuliens), la d~cision dinaptitude sora de rigle.

6LES ANOMALES DU TONUS OCULAIRE, LA MALADIE GLAUCOMATEUSE.

6.1. Bien quo la fr~quence du glaucomae dana la population a4ronautique no diff~re pas do cello do la popu- -

lation g6n~rale, l'attention eat dopuis plus do vingt ann port6e Bur sa ddtection, colnpte tenu des
perturbations fonctionnolles do cette maladie.
La prise du tonus oculaire par la m~thode de laplanation font d~soriaais partie do l'examen habituel.
La d~couverte d'un tonue sup~rieur A 18 nicessite la rfip~tition des mesures et A difffirentes heures,
un bilan rh~ographique, une gionoscopio des examons fonctionnols, en perticulier un champ visuel, et
si besoi. des 6preuves do provocation.

6.2. Si le diagnostic oat 6tabli, 1e probD~me do son traitement ot do laptitudo so pose alors.
La d~couverte eat souvent difficile lors do lexpertiao. Le navigant glaucomateux connait sa maladie
et la cache. Il fait disparaltre temporairoment l'hypertonie par prise volontaire dinhibiteura d@
lanhydrase carbonique lea joura pr4dant lexpertise. Coci noun a amen6 A d~tecter dana lea urines
per des m~thodes chromatographiques et spectrom6triques la pr6sonce de ces produits.
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En effet, le traitement m~dical par la pilocarpine entrainait des alt~rations de la fonction visuelle.
Le traitement chirurgical bas6 sur des interventions-fistulisantes ne paraissait pas compatible avec
le vol op4rationnel. Seuls les iridectomies et las angiodiathermies pormetteront la poursuite de Vac-
tivit6.
Actuellement, le timolol donne des r~sultats satisfaisants sur le tonus sans effets secondaires visuels.
Il est cepandant n~cessaire de tester la sensibilit6 du sujat, en 6tudiant plus particuli~rement l'ef-
fet 6ventuel sur le rythme cardiaque et la tension art~rielle, avant de prendre une d6cision.
Sur le plan chirurgical, les op~rations filtrantes prot~g~es paraissent compatibles avec la poursuite
du vol.

7. PATHOLOGIE DU CRISTALLIN.

Elle se r~sume A des anomalies de position et des anomalies de transparence.

7.1. Les anomalies de position (subluxations et luxations) entralnent Ilinaptitude compte tenu de leurs con-
s~quences sur l'acuit6 visuelle d'une part et de leurs r~percussions sur le tonus oculaire d'autre part.

7.2. Les anomalies de transparence entratnent une baisse de l'acuit6 et des anomalies du champ visuel, qui
seront las 6l6ments d~terminants pour la prise de d~cision. on prendra 6galament en consid~ration les
r~percussions sur la vision binoculaire entrain~es par l'asym~trie de lanomalie, at les modifications
de la sensibilit6 A l'6blouissement.

7.3. Actuellemant, si l'aphaquie est una cause d'inaptitude A ladmission, cartains navigants aphaquas at des
pilotas, A lexception des pilotas de combat, volent apparaill~s avac des lantilles de contact, de pr6-
f~renca hydrophiles. Cas navigants ont pr~alablement fait la preuva de la tol~rance de leur proth~se au
sol et en altitude fictive au caisson A d~prassion.
En Franca A notre connaissance, aucun navigant ne poursuit une carri~re, portaur d'un implant intraocu-

4 ~laire. Las implants samblent en effat dangeraux: compta tenu de leur poids at de leur mode de fixation
4 d'une part at des acc~l~ration subies an a~ronautique d'autra part.

* Una d~cision d'aptituda devrait, me semble-t-il, Atra pr~c~dia d'una 6tude en cantrifugeusa. JusquA
ca jour, aucun chirurgian implantataur n's consanti A placer son op~r6 dans une nacelle.

* 8. PATHOLOGIE DE LA CHORIORETINE.

8.1. S'il est 6vident qua toutas las affections chorior~tiniennes an 6volution entralnant linaptitude, la
conduite A tanir m~rite discussion lors do la d~couverta do lAsions cicatriciallas non 6volutives.

8.2. L'attituda sara diff~rante an fonction do l'6tiologia, de la situation das lAsions at de leur sympto-
matoloqie fonctionnelle au niveau de l'acuit6, du champ visual at do la vision color~e. Las modifica-
tions do Il~lectrophysiologie r~tinienna (ERG et EOG) seront 6galement prises en consid~ration.

8.3. Lore d'une premi~ra expertise, la d~couverte do cicatrices chorior~tiniennas at de l6sions d~g~n~ra-
tives do la pOriph~rie r~tinianne entraina linaptitude d~finitive A una carri~re earonautique.

8.4. Par contra, chaz un navigant confirm6, lorsqua Von d~couvre cas l6sions, 1a d~cision sara fonction de
leur importance at do laur localisation. Un traitement pr~vantif par photocoagulation laser ou cryo-
coagulation pourra 9tre antrapris, permettant Ia poursuita du travail a~rien apr~s una inaptitude tam-
poraire avec 6vantuallamant un changement d'avion ou do spocialit6 at sous r~serve d'une surveillance
fr~quante.
Las m~thodes actuallas do traitament du d~collement do r~tina autorisent parfois Ia reprisa du travail
sarian, apr~s una inaptitude do six mois at sous r~serva do contr8les trimestriels.

9. LES NEUROPATHIES OPTIQUES.

9.1. Las attaintes du nerf optique ancore en 6volution antrainent Vinaptituda at il en ast de m~ema des s6-
quellas consta; 6es lors d'une premi~re expertise.

9.2. Lorsqua la maladie d~bute en cours de carriire. l'attitude sera fonction do 14itiologie. Ella sera
diffigrente devant une attainta infectieuse, vasculaire, toxique ou ddg~ndrative. Ella prondra 6galemant
en consid6ration las s~qualles tant fonctionnalles qu'Alectrophysioloqiques (PEV).
La r~cup~ration fonctionnelle apr~s des atteintes infectieuses ou toxiques (eccentiellemont alcool et
tabac) sera parfois suffisante pour permettre la reprise des activit~e sous surveillance rapprochie.
Par contra, las atteintes vasculaires at d~g~n~ratives antralnant de maniLre habituelle linaptitude
d~gfinitive.

10. LES DEFICIENCES CHROMATIQUES.

10.1. L'importance do la vision chromatique en a~ronautique at les n~cessit~s do la sdcurit* ont fait adop-
ter d~s l'origine de la sdlection des normos ascez s4res pour 6liminer lee sujote dyschromates h6-
r~ditaires, qui repr~sentent 8 % de la population masculine.
Salon lea sp~cialitds at selon les pays, las critires do s~lection peuvent varier. Cependant, 4 % auI momns das sujats dyschromatac no r~pondent pas aux critirec imp~ratifs do Ia s6curit& au aol at dane

* des conditions relativemant favorables (si l'on excepts le stress n6 do laxprtize). Les conditions
earonautiques pouvant so riv~ler beaucoup moins favorablas, at llinterpr6tation chratique 6tant le
r~sultat d'un ph~nomrne psychophysioloqique, une attitude do s6vdrit6 paralt dovoir Atre conserv~e
face aux dyschramatopsioe h~r6ditaires. Cotta s~laction repocora cur l'utilisation de tasts de d6pis-
tage at do taste do caepatibilit6 dane des condition. binoculairee.

10.2. L'apparition poseible, en coure do carri~re, do dynchromatopaioc acquises, oblige A conserver une sur-
veillance du sane chromatique. Ella cera toujoure effactuda dane das conditions monoculaires, at met-
tra en iou des tests quantitatifs, porisottant souls d'appr6cier l'6volution favorable ou d6favoreble
do l1anomalie.

Ah ~ La .d6cision d'aptitude ou d'inaptitude sra fonction A la fois do Ia cause do l'anomalie, do son i-



7-4

portence et surtout de sa stabilisation.

11. LES ANOMALIES DE LIADAPTATION AUX FAIBLES NIVEAUX D'ECLAIREMENT (ANOMALIES DE LA VISION NOCTURNE).

Ces anomalies ne posent gu~re de probi~mes. Elles sont hir~ditaires et d~couvertes lors du premier
examen. Ell 'e entralnent i'inaptitude. qui est d~cid~e non seulement du fait de 1lincapacit6 du sujet i tra-
vailier sous de faibles intensit~s, mais aussi du fait des signes d'accompgnement, en particulier les asm-
putations du champ visuel.

La difficxlt6 rdside parfois dens la mise en ividence de i'anomaiie. L'adaptom~trie 00 la scotoptom6-
trie 6tant en effet des exejeens subjectife, ii est parfois n~cessaire de recourir A Vliectrophysiologie.
L'6lectrooclogrshme qui r6v~lera un rapport de ARDEN anorinal et 146lectror~tinogramme qui, au cours de l's-
daptation i l'obscurit6, est d4pourvu d'onde b2, confirment de mani~re objective l'anomalie.

12. LES ANOMALIES DE LIADAPTATION ALUX NIVEAUX D'ECLAIREMENT ELEVES.

Les circonstances aironautiques au cours desquelles on eujet risque d'9tre 6bloui sont nombreuses. On
sait que is r~sistance A l16blouissement est diminu6e soOs linfluence de nombreux facteurs. Les une sont

* physiologiques, tel le vieillissement, les autres sont pethologiques, li~s A des atteintes du segment ant6-
rieur, de is ritine 00 du nerf optique, d'eutres enfin peraissent constitutionnels.

Plus de 15 % des sojets jeunes, exempts de tout signe pathologique, ont en effet une mauveise r~sis-
tance A 1l6blouissement.

11 paratt donc utile d'int4grer dans Is batterie de tests de s~lection, l'6tude de las ensibilitA A
l16blouissement pour 6liminer, so momns de l'aviation de combat, les sojets handicap~s.

Cet examhen doit 6galement troover sa place dens le bilan d'une etteinte fonctionnelle. 11 eet precoce-
ment perturb6 et restaur6 plus tardivement que l'acuit6 ou le sens chromatique.

CONCLUSIONS.

* Au cours de cet expos6, noos evans effectu6 one revue des probl~sies pos~s per lee principales d~ficiences
visuelles en a6ronautique. Lee d~ficiences d'acuit6, dont is correction est 6tudi~e dens ce coors, ont de par-
ti dilib~r6 6t6 pass~es sous silence.

Certaines d~ficiences peovent d~cooler de l4sions qoi sont is cons~quence d'agressions contre lesquelles
Is protection a 6t6 envisagie.

G~n~ralement, les dicisiorsd'aptitude 00 dinaptitude sont faciles A prendre lors de is premi~re exper-
tise.

Par contre, lors des expertises r~visionnelles, ls connaissance do milieo et de lexpirience de i'expert
peovent seoles permettre de prendre la d~cision is mieox adapt4e compte teno de Vige, de la spicialit6 do
navigent et de son exp6rience a~ronautique.
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INTRODUCTION

Cetto bibliographie a dtd rassomblde par 1e Centre do documentation de 1 ECole d'Application et
du Centre d Etudes et do Recherches de Nddecine Adrospatiale, avec 1. aide du CEDOCAR, pour sorvir do sup-
port A cotte Lecture Sren.

Nile no concerns quo des travawc en langue, frangaise et dtrang~re parus pendant lea dix dernifes
annde.. Des rdsuisds ou des analyses suivent los r~fdrences.

Los fichiors intorrogds ont dt6 los suivants

- CEDOCAR (Centre do Documentation do 1' Armoment)
- N.T.I.S. (National Technical Information Service)
- Adrospatiale
- Brevets

L1
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PARTIE I

. mANONM.
L 6blouissement.
Bulletin de Sdcuritd des Vols, (FR), NO 122 (12/75), pp. 19-21, 2 r~f. bibl., 2 phot.
197-I
Causes de l'dblouissement en vol de Jour, do nuit, pendant le roulage au sol. ConsEquences optiques,
psychologiques, sensorielles. Rappels sur lee expEriences d'dblouissement. Conduits & tenir. (CRMA/
PC).
* Stress lumidre blouissement. * Aviation militaire. Vol. Personnel navigant. * Stress psychologie.
Ophtalmologie. * Adronef pilote.

2. METHODS OF PREVENTING FLASH BLINDNESS.
BARSTOW (F.E.)
EDGERTON GERMESHAUSEN AND GRIER INC BOSTON MASS,
IN NAS-NRC VISION RES. : FLYING AND SPACE TRAVEL 1968, P. 127-133.
FLASH BLINDNESS. FLYING PERSONNEL. PROTECTION.

3. Removable Goggles for Helmet. Patent,
BENSON Alden P, POSTER Kenneth J, QUELLETTE Alfred R
Department of the Navy Washington D C,
Government-owned invention available for-licensing. opy of patent available
Commissioner of Patents, Washington, D.C. 20231 $.50.
Filed 11 Apr 72, patented 8 Jan 74, . 5p. Rept nos. PAT-APPL-242 999, PATENT-3 783 452.
The patent concerns an apparatus for attaching removable photochromic goggles to a conventional
crash helmet. The apparatus includes a post on one side of the helmet adjacent
Patents. Goggles. Helmets. Photochromism. Flashblindness. Protection. Attachment. Acceptability.
Fastenings. Pilots. Jet Aircraft.
PAT-CL-2-6.

4. Etude de l'effet de l'blouissement par dclair chez les aviateurs de l'Adronavale.

BOSEE (R.A.), PARKER (J.F.), CHISUM (G.T.).
Aerospace Medicine, Vol. 39, NO 10 (1968), pp. 1105-1108, 6 rdf. bibl. I 65-IH.
Simulation de l'eclair d'explosion nucldaire chez 3 pilotes. La r~cupdration visuelle est plus ra-
pid. quand on augments l'Eclairage du cockplt, jusqu'A une certaine limite. (B.L.).
Aveuglement Eclair. Explosions nucldaires. Simulation. Oeil. Acuitd visuelle. Pilotes. Perception
visuelle. Adaptation physiologie. Physiologle.

5. Glare Recovery of a Two Dimensional Tracking Task with Respect to Various Colors. Final rept...

BOYER Dennis A

Darcom Intern Training Center Texarkana Tex, Apr 76, 72p. Rept no. DARCOM-ITC-02-8-76-015.
The results of research intended to determine the effect of variation in color on a two dimensional
tracking task with superimposed glare flashes are described. The EAI 680 Analog Computer was the
primary function generator with the EAI 600 Pacer digital computer performing control functions and
Data analysis. Tests o
Glare. Tracking. Color vision. Flashblindness. Human factors engineering. Flashes. Visual perception
Pilots. Night Vision. Performance Human.

6. Eye protection, protective devices and visuel aids (Protection oculaire, systdmes de protection et
aides visuelles).
BRENNAN (D.H.).
Head, Applied Vision Section, Neurosciences Division, RAP Institute of Aviation Medicine, Farnborough,
Hampshire (GB)
AGARD Aerospace Medical Panel,
AGARD Conference Pre-Print ; (GB), vol. CP-191, NO 1 (3/76). 10 p., I rdf. bibl., I tabl., 7 phot.

25-R
Principaux accidents oculaires rencontres dan l1'aviation militaire.

7. La protection oculaire et les dispositifs de protection (Eye protection and protection devices).
BRENNAN (D.H.).
RAP Institute of Aviation Medicine, Farnborough (Hampshire) (GB)
AGARD Aerospace Medical Panel,
Traduction CRMA NO 2322/3
(9/76), 7p. tr. , 3p. or., I rdf. bibl., 5 fig.

AGARD Report i (GB) vol. R-642 (5/76), pp. 29-36, 1 rdf. bibl., 5 fig., traduit par elle Torcapel.
TR Anq-2322/3
Lee principaux risques oculaires dane laviation militaire E dblouissement, collision aviaire, effet
du souffle, cordonnet ditonnant miniature brisant le canopy, rayonnement laser, flash nuclgaire.
Mneures de protection possibles, compatibles avec l'quipement de l'1quipage, l'efficacitd du pilo-
tage, la sicuritd. (CRlIA/MB).

Protection oeil vision. * Pilots. oeil. Casque protection. Prophylaxis prdvention. * Stress lumi
Ldsion souffle.
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8. Expanded Service Test of Antilaser Goggles. Final rept. 1 Apr-12 Sep 72,.
BURKCHALTER Edward L, MAGAT1A1 Wallace C
Army Aviation Test board Fort Rucker Ala.
Projs. RDT/E-1-J-664717-DL-40, USATECOM-8-EI-825-ooo-017. Task I-J-664717-DL-404 4. Distribution
limitation now removed.
Dec 72, 63 p.
Eyeglasses. Lasers. Pilots. Helicopters. Compatibility. Helmets. Protective masks. Color vision.
Visibility. Fog. Optical sights. Range finding. Radiation injuries. Infrared radiation. Light
transmission. Environmental tests. Visual acuity. Films. Lenses. Acceptability. Design. Aviation
safety. Army personnel. Eye. Protection. 06 17.
Ah-lg aircraft. Antilaser

9. Evaluation of two percent visor
assais d'une visidre A revdtement d'or et a transmission de 2.)
CARPENTER (J.A.), RICHEY (E.O.)
Shoal of Aviation Medecine,
TR-66-71 (8/66), 4 p., 2 fig., 2 tabl.
me. 335-3
Rdsultats d'essais en vol destinds A determiner si cette visidre recouverte d'un film d'or, trans-
mettant 2. de ld6nergie incidente du spectre et destinde A protiger les pilotes contre l'aveuglement
par ef fulguration, peut 4tre portde durant le jour sans empcher le pilots de rdaliser sa mission.
Casques protection. Protection. Pilotes. Aveuglement Eclair. Essais vol. Revftements m~taux. Or.
Rev~tements optiques.

10. Rdsistance A 1'Eblouissement chez Ie personnel navigant.
CHEVALERAUD (J.P.). PERDRIEL (G.).
Revue de mddecine adronautique et spatiale. t. XC, N* 40 (46me trim. 1971), pp. 180-182. a I
106-las.
Causes de l'Eblouissement pendant Ie vol de jour, de nuit et Ie roulage au Sol. Consdquences psycho-
logiques et sensorielles. Etude de l'dblouissement chez les navigants. (SC).
Eblouiasements. Personnel aviation. Perception visuelle. Pilotes. Vision nuit. AcuitE visuelle. Lu-
ire. Vision.

11. Intdr~t de la mesure de la rdsistance A l16blouissement chez ces membres du PN.
QIEVALERAUD (J.P.), PERDRIEL (G.).
Agard Conference Proceedings, N* 95 26me partie (3/72), pp. B13-1 a B13-3. &I 25-RSH.
line m~thode devant 6tre appliqude lors de la visits d'admission permet de juger, de fagon simple,
lea aptitudes d'un sujet A rdcupdrer une fonction visuelle lorsqu'il est soumis A l'dblouissement.
(MS).
Eblouissements. Perception visuelle. Oeil. Personnel navigant. Apprdciation personnel. Examen inddi-
cal. Ophtalmologie. Vision. M~decine adronautique. Eclair. Pilotas.

12. Protection contre l'Eblouissement : tude des lunettes Apollo MK-III.
CHEVALERAUD, SANTUCCI.
EASSAA LCBA, Paris (F)
Centre de Recherches de Mddecine Adronautique,CPMA-44 10,
Rapport (12/73), 9 p., 1 tabl.
10-B
Etude de l'acuit6 visuelle, r~cupdration apris Eblouissement, vision des couleurs, vision de la pro-
fondeur chez le PH porteur des lunettes. Seule, Ia r rception des faux colords est tr~s parturbde
Ie bleu nlest pas ou trds mel pergu. (CRMA/AJ).

*Protection oeil vision. Vision. * Stress luiire Eblouissement. * Verre optique. Vision couleur.
*Pilotes. Personnel navigant.

13. CHEVALERAUD (J.P.).
CPEI4PN, Paris (FR)
Advanced operational Aviation Medicine Course/Cours Supdrieur de M~decine Adronautique de 1I AGARD
Paris (FR), vol. 5 (9/77), 9 p. (Existse n version anglaise).
Dossier cours AGARD
Lditude de l'dblouisement a pris un intdrnt tout particulier en fonction de la possibilita d'utili-
setion de l'aie nucldaire. Tests de selection des candidate en fonction de leur sensibilitd A I'E-
blouissement. Systines de protection fiables et compatibles avec la t~che A accomplir. (CRlIA/PB).
* Midecine adronautique. * Ophtelmologie. * Protection oeil vision. * Stress lumilre dblouissement.
Personnel navigant. Aviation. Pilots. Equipage adronef. Aptitude vol a~ronautique. Sdlection profes-
sionnelle.

14. Probl"ms. ophtalmologiques lids a l'ambiance lumineuse au-desaus d. 3000 m~tres.
CHEVALERAUD (J.P.).
CPEMPN/EAssAA, Paris (FR)I jeux Mondiaux de la Mdidecine. Premifires Jeux d'Hiver, Font-Romeu (FR) (3/79), 13 p., 10 r~f. bibl.,
2 tebl.
1888-K/214
Modes deaction sur 1*oeil do Ia lumifre solaire. Lea nuisances fonctionnelles :photophobie, Eblouis-
senint, erythropsie ; lea nuisances orgeniqus: l~sions corndo-conjonctivales et rdtiniennes.
Motion* de prophylaxise protection chimique at physique. (CRNA/VL).
* Toldrance physiologie. * Ophtelnologie. Osil. Vision. Appareil vision physiologie. * Protection
ocil vision. Mdecine prdventive. Haute altitude. * Intensitfi luminouse. Pilots. * Altitude. Soleil.
amntegne. Stress lunlbre. Iblouissement. Luminositd.



15. Laser Eye Protection for Flight Personnel . Volume I. Phase rept...
CHISUM Gloria Twine.
Naval Air Development Center Warminster Pa Aircraft and Crew Systems Technology Directorate.
13 Jul 78. 14p. Rept no. NADC-78158-60.
Developments in laser technology have resulted in an expanding use of lasers in many fields and
laboratory situations. The implications of the use of lasers in military applications have been exa-
mined for flight personnel, and the requirement for eye protec
Radiation protection. Laser radiobiology. Laser safety. Flight crews. Eye. Infrared radiation. Mili-
tary applications. Protective equipment. Goggles. Eyeglasses
Spectacles. Recommendations.

16. Laser eye protection for flight personnel (Protection visuelle contre le laser pour le personnel
navigant).
CHISUM (G.T.).
NADC, Aircraft and Crew Systems Technology Directorate, Warminster (Penn.) (US) Aviation Space and
Environmental Medicine ; (US), vol. 50, N* 3 (3.79), pp. 239-242, 2 rdf. bibl., 3 fig., 1 tabl.,
I phot.
65-I
Analyse des risques encourus par le personnel navigant exposE au rayonnement laser. Description et
discussion des diffdrents moyens de protection visuelle. (CRMA/DP).
* Protection oeil vision. * Mddecine adronautique. M~decine travail. * Personnel navigant. Oeil.
* Laser. Pilots. Lunette. Verre optique.

17 AIR FORCE EFFORTS IN THE FIELD OF FLASH BLINDNESS.

CULVER (J.F.)
SCHOOL OF AEROSPACE MEDICINE BROOKS AFB TEX OPHTHALMOLOGY DEPT, IN NAS-NRC VISION RES. : FLYING AND
SPACE TRAVEL 1968, P. 134-139 REFS. BURN INJURIES. EYE PROTECTION. FLASH BLINDNESS. FLYING PERSON-
NEL. THERMONUCLEAR EXPLOSIONS.

18. Effet de la dimension du champ d'dclair sur la cdcitE par Eblouissement dans un cockpit d'avion.
CUSHMAN (W.H.).
Aerospace Medicine, vol. 42, N* 6 (1971), pp. 630-634, 4 fig., 4 tabl., 12 rdf. bibl. &II.
65-I&H.
Le temps de r~cupdration visuelle aprds dblouissement augmente avec la grandeur de I'angle du champ.
Eblouissements. Perception visuelle. Eclair-nucldaire. Rdtine. Rdcupdration. Champ visuel. Pilotes.

19. Effect of Flash Field Size on Flashblindness in an Aircraft Cockpit. Rept. for period Jan-Apr 70.
CUSHMAN William H.
School of Aerospace Medicine Brooks AFB Tex,
Proj. AF-6301. Task 630103. Availability : Pub. in Aerospace Medicine, v42 n6 p 630-634 Jun 71.
Jul 70, 7p. Rept no. SAN-TR-70-385.
Ten volunteers were exposed to high intensity double pulse light flashes with flash fields subtending
1, 3, 5, 10 and 15 degrees of visual angle.
Flahsblindness recovery times for several aircraft instruments were mesured for each flash field dia-
meter. Countermeasures includ
Flight crexs. Flashblindness. Nuclear explosions. Flight crews. Visual Acuity. Hazards. Exposure.
Recovery. Protection. Aviation medicine.

20. Effets cumulatifs de l'dblouissement provoqu6 par Eclairs multiples de haute intensitd.
CUSHMAN (W.)
Aerospace Medicine, vol. 42, N° 7 (7/71), pp. 763-767, 5 fig., 5 tabl., 7 rdf. bibl. & I
65-I&H.
Dispositif expErimental sur simulateur d'avion avec mesure du temps de r~cupdration apr4s sdries
d'dclairs s~pards par 15,45, 120 ou 300 secondes. Discussion du risque et contre-mesures pour vol
adrospatial. (MC).
Eblouissements. Perception visuelle. Stress physiologie. Mddecine adronautique. Vision. Oeil. M6de-
cine spatiale. Lumire. Eclair.

21. Cumulative Flashblindness Effects Produced by Multiple High Intensity Flashes.
CUSHMAN William H.
School of Aerospace Medicine Brooks AFB Tax,
Proj. AF-6301. Task 630103. Availability : Pub. in Aerospace Medicine, v42 N° 7., pp. 763-767 Jul 71.
1971, 7p. Rept no. SAN-TR-71-276.
While seated in an aircraft flight simulator cockpit, 14 subjects were exposed to high intensity
short duration (2 msec.) light flashes. Each exposure or trial consisted of one flash or of a series
of flashes with 15, 45, 120, or 300 sec. between flashes. Flashblindness recovery times (rs) for t
Flight crews. Flashblindness. Nuclear explosions. Flight crews. Effectiveness. Vision. Recovery.
Hazards. Aviation Medicine. Protection.

22. TRIPLET MATERIALS RESEARCH AND EYE-PROTECTIVE SYSTEM.
DAWSON (W.R.), WINDSOR (N.W.)
TRW SYSTEMS REDONDO BEACH CALIF QUANTUM PHYSICS LAB, JUL 68, 98 P. REPT N* 07728-6005-ROO0. CON-

TRACT A? 41 (609)-3201.
PILOTS. FLASHBLINDNESS. OPTICAL FILTERS. PHOTOCHROMISM. MOLECULAR ENERGY LEVELS. PROTECTION. WINDS-
FIELDS. NUCLEAR EXPLOSIONS. PHOTOCHEMISTRY. DISCOLORATION. POLYCYCLIC COMPOUNDS. EXCITATION. QUARTZ.
EXPOXY PLASTICS. ABSORPTION SPECTRUM.
PHOTOCHRO1IC MATERIALS.



23. EFFECTIVE DENSITY OF THE CLASS 3 VISORS. Progress rept...
HILL J.H. CHISUM Gloria.
Naval Air Development Center, Johnsville, Pa. Aviation Medical Acceleration lab.
May 65, NADC-L.-L65o1.
Eyeglasses. Flashblindness. Vision. Retina. Illumination. Density. Optical filters. Helmets. Avia-
tion medicine. Naval research. Visors.

24. THE NATURE OF RADIATION FROM NUCLEAR WEAPONS IN RELATION TO FLASH BLINDNESS.
HILL (J.HH.), CHISUM (G.T.)
NAVAL AIR DEVELOPMENT CENTER JOHNSVILLE PA AVIATION MEDICAL ACCELERATOR LAB, IN NAS-NRC VISION RES.
FLYING AND SPACE TRAVEL 1968, P. 95-103 REFS. I-ASH BLINDNESS. FLYING PERSONNEL. LOW ALTITUDE.
NUCLEAR EXPLOSION EFFECT. NUCLEAR WEAPONS. THERMAL RADIATION.

25. Psychophysiological characteristics of pilot performance during short-term exposures to intensive
flight stimuli (Les particularitds psychophysiologiques de l'activit6 d'un pilots pendant I'action
brLve de stimuli lumineux intenses).
JERNAVKOV (V.F.), KARELINA (L.N.), PETROV (IOU.P.)
Kosmitcheskaia Biologiia i Aviakosmitcheskaia Maditsina (SU), vol. 12, N* 4 (7-8/78), pp. 27-31,
I rdf. bibl., I fig. (Synthdse de l'article disponible en frangais au CERMA)
379-I
Au laboratoire, la durde de la cdcit6 dapend de l'adaptation prdalable, de l'intensitd de l'clair,
de la rdsistance individuelle, 18 s en moyenne.
* Mddecine adronautique. * Pilote. Personnel navigant. * Performance pilots. Cdcitd. Stimulation
sensorielle. Lumi~re dclair. Impulsion lumineuse. Intensitd lumineuse. * Psychophysiologie. * Stress
lumidre dblouissement.

26. OPERATIONAL SIGNIFICANCE OF THE FLASH BLINDNESS PROBLEM.
JONES (W.L.)
BUREAU OF MEDICINE AND SURGERY WASHINGTON D C,
IN NAS-NRC VISION RES. : FLYING AND SPACE TRAVEL 1968, P. 85-94.
FLASH BLINDNESS. NUCLEAR WEAPONS. OPERATIONAL HAZARDS. PILOT PERFORMANCE.

27. A Search for a New Aircraft Spectacle Frame Final rept. Mar 77-Sep 78.,
KISLIN Benjamin, MILLER J.W., RAHE Alton J.
School of Aerospace Medicine Brooks AFB TX,
Proj. 7755. Task 19.
Aug 79, 27 p. Rept no. SAM-TR-79- 16.
The factors necessary for a spectacle frame to meet acceptability for aircrew use were defined. The
rising price of gold used in the HGU-4/P frame triggered triservice consideration for a change in
materials and configuration of the aircrew spectacle frame. Optyl, a thermosetting plastic, presented
potential for spectacle frame use in worldwide climates, and a fi
Frames. Eyeglasses. Flight crews. Acceptability. Thermosetting plastics. Comparison. Quesionnaires.
06.17.
Spectacle frames.

28. Thermal/Flash protection with PLZT window devices (Protection contre la brIlure et l1clair au mo-
yen de fenitres en caramique PLZT).
PFOFF (D.J), HARRIS (J.O.), CUTCHEN (J.T.).
Survival and Flight Equipment Association (US), N* 13 (21-25/9/75), pp. 81-82, 3 rdf. bibl., I fig.
(Annual Conference, San Antonio (Texas)).
Me. 2130
Recherches effectudes par les laboratoires Sandia sur l'utilisation des c6ramiques PLZT sous forme
de lunettes ou de vitres, pour protdger les pilotes militaires contre l'aveuglement dO aux dclairs
des armes nucldaires, contre les brOlures de la rdtine et contre les rayons ultraviolets. (CAEN/PR).
A Cdramique. * Protection thermique. * Protection oeil vision. Pilots. Brlure choriordtinienne.
Pare-brise. * Eclair nucldaire. Cellucle Kerr. Lunette. * PLZT c~ramique. Cdramique dlectrooptique.
Sandia loboratoire.

29. Protection from retinal burns and dazzle due to atomic flash (Protection de la rftne contre les
br0lures et l'Eblouissement par flash nucldaire).
PFOFF (B.J.), CUTCHEN (J.T.), HARRIS (J.O.)

ADS/SMLS, Life Support SPO, Wright-Patterson AFB (Ohio), Active Ceramics Division, Sandia Laborato-
ries, Kirtland AFB (NM) (US)
AGARD Conference Pre-Print ; (GB), vol. CP-191, N* 3 (3/76), 4 p., 12 rdf. bibl., 1 fig. 1 tabl.
25-R
Dana 1'US Air Force, en cas d'explosion atomique, port de lunettes A verres recouverts d'or le Jour,
et de caches oculaires opaques la nuit. Premi~res donn~es concernant une caramique A base de zircona-
te-titanate de plomb, transparente, pour fabriquer des pare-brises et lunettes d'efficacitd supd-
rieure. (CERMA/AF).
* Protection oeil vision. * Eclair nucldaire. Effet pathologique.
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30. Protocols d'examen d'une paire de lunettes "antidblouissement" destinde au personnel navigant.
SANTUCCI (G.), CHEVALERAUD (J.P.).
EASSAA-CERMA 26 boulevard Victor PARIS.
Rev. Mdd. Adronaut. Spatiale (F), tome 13, N* 50 (4-6/74), pp. 131-133, 3 tabl.
106-I
Etude physique : courbe de transmission spectrale ; dtude optique. Etude psycho-physiologique
acuitd visuelle, sens de la profondeur, vision chromatique, sensibilit6 a ltdblouissement. (CERMA-
JFM).
* Protection. * Stress lumi0re dblouissement. Lunettes. A Vision. * Verre optique. * Pilotes. Person-
nel navigant.

31. Contr~le des dangers des lasers adroportds pour i'homme (Control of health hazards from aiborne la-
sers).
SLINEY (D.H.), YACOVISSI (R.)
Traduction CERMA, N* 2358
(11/77), 12 p. tr., 5 p. or., 11 rdf. bibl., 6 fig. 1 tabl.
Aviation space and Environmental Medicine ; (US), vol. 46, N* 5 (5/75), pp. 691-696, 11 rdf. bibl.
6 fig., 1 tabl. Traduit par Melle MASSON.
TR/Ang/2358
Tests de contr6le oculaire des effets des lasers et ensemble de mesures de protection oculaire pro-
posds pour le personnel susceptible d'Atre victime d'une atteinte oculaire par laser. (CERMA/PB).
Personnel navigant. Danger rayonnement. Surveillance santd personnel. Traduction. Risque oculaire.

32. Computing Internal Cockpit Reflections of External Point Light Sources for the Model YAH-64 Advanced
Attack Helicopter (Low Glare Canopy Design). Final rept...
SMYTH Christopher C
Human Engineering Lab Aberdeen Proving Ground Md,
Jul 77, 61 p. Rept No. HEL-TM-24-77.
The US Army Human Engineering Laboratory
Canopiep. Reflectivity. Light sources. Attack helicopters. Cockpits. Pilots. Human factors engineering.
Computations. Computer programs. Light transmission. Internal reflection. Transparent panels. Glare.
Solar radiation. Night flighy. Safety. Ray tracing. 01 03.05 05.95 04.51 03.
YAH-64 aircraft. AH-IS aircraft. H-64 aircraft. H-1 aircraft.

33. Internal cockpit reflections of external point light sources for the mode 1. YAH-64 advanced attack
helicopter. (Rdflections a l'intrieur du cockpit de sources lumineuses ponctuelles extdrieures dans
le modile d'hlicoptbre attaque avancd YAH-64).
SMYTH (C.C.)
US Army Human Engineering Lab. Aberdeen Proving Ground (Maryland) (US) AGARD Aerospace Medical Panel.
AGARD Conference Proceedings ; (GB), vol. CP-255, N* 43 (12/78), 16 p. 3 rdf. bibl. 19 fig.
25-R
Des graphiques obtenus sur ordinateur permettent d'Atudier les points de rdflection lumineuse sur la
verribre et le cockpit de l'hdlicopt~re YAH-64. Malgrd une conception antireflet de l'appareil, il
pers
Stress lumidre dblouissement. H6licopt~re. Vision. Performance pilots. Transmission lumi6re. Verridre
adronef. Cabine adronef. Pilote. Rdflectivitd. Mdmoire congr~s.

34. Internal Cockpit Reflections of External Point Light Sources for the Model YAH-64 Advanced Attack
Helicopter.
SMYTH Christopher C
Human Engineering Lab Aberdeen Proving Ground Md,
Jun 78, 16 p.
The US Army Human Engineering Laboratory (HEL) has developed a computer program for computing inter-
nal cockpit reflections on the transparent cano
Aircraft canopies. Attack helicopters. Glint. Internal reflection. Cockpits. Computer programs. Trans-
parent panels. Glare. Solar radiation. Night flight. Orientation Direction. Man machine systems.
Human factors engineering. Pilots.
H-64 aircraft. YAH-64 aircraft. H-I aircraft. AH-IS aircraft. Huey cobra.

35. FLASH BLINDNESS-DEVELOPMENT AND TRIALS OF PRTECTIVE SPECTACLES.
ST. L. LIDDY (B.) MC CULLOCH (C.)
INSTITUTE OF AVIATION MEDICINE, TORONTO (ONTARIO), IN AGARD BEHAVIOURAL PROBL. IN AEROSPACE MED.
OCT. 1967, 6 P. REF. AIRCRAFT PILOTS. EYE PROTECTION. FLASH BLINDNESS. GLYCOLS.

36. Human factors Evaluation of Laser Protective Visors. Final rept. May 71 - May 72,
THURSBY William RJr, BRAUN Robert G, ALDER Albert V.
School of Aerospace Medicine Brooks AFB Tex,

Proj. AF-7784. 18.
Sep 72, 15 p. Rept no. SAN-TR-72-23.
Three laser protective visors and a spectacle-goggle were evaluated by over 100 experenced, rated
aircrew members under flight and simulated flight cond
Eyeglasses. Flight crews, Lasers. Radiation hazards. Irasers. Ultraviolet filters. Infrared filters.
Neodymium. Brightness. Protection. Light transmission. Human engineering. Air Force research. Protec-
tive mask facepieces. Flight testing. Vision. Laser protective visors. Neodymium lasers. Tradeoffs.
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37. USAF Aviator glasses HGU-4/P (History and presen state of development) (Leas lunettes HGU-4/P des
aviateurs de lUS Air Force (Historique et dtat actuel du ddveloppement).
TREDICI (T.J.)
USAF School of Aerospace Medicine, Brooks AFB (Texas) (US)
AGARD Aerospace Medical Panel. AGARD Conference Pre-Print ; (GB) vol. CP-191, N* 4 (3/76), 5 p.
16 rdf. bibl. 6 fig.
25-R
Diffdrents types de lunettes dprouvds par l'US Air Force pour protdger la vue des pilotes, revue des
6tudes menses pour concevoir des verres et montures addquats ; avantages du verre sur le plastique.
(CERNA/AF).
Protection oeil vision. Lunette. Verre optique. Pilote. Matidre plastique. Etude compar6e. Analyse
qualitative. Lentille plastique. Ddformation plastique. Indice rdfraction. Sensibilitd impact.
Rdsistance mdcanique. Transmission optique. Personnel navigant.

38. Visual Aids and Eye Protection for the Aviator. Conference proceedings.
TREDICI Thomas J
Advisory Group for Aerospace Research and Development Paris (France), Papers presented at the Aeros-
pace Medical Panel Specialists' Meeting held in Copenhagen, Denmark, 5-9 April 1976. NATO Furnished.
Oct. 76 90 p. Rept Nos. AGARD-CP-191, ISBN-92-835-0177-2.
Protective equipment. Pilots. Eye. Visual aids. Meetings. Flashblindness. Eyeglasses.Goggles. Night
vision. Target acquisition. Optical filters. Hand held. Bird strikes. Nuclear flash. Solar radiation.
Glare. Space perception. Visual acuity.
Distance discrimination.

39. Rdcupdration aprds 6blouissement avec ou sans protection oculaire en vol simuld.
WARD (B.) BOWIE (W.H.), CUSHMAN (W.H.)

4 Aerospace Medicine, vol. 42, N* 2 (2/71), pp. 149-152, 1 fig. 2 tabl. 7 r~f. bibl. I. 65-IH.
Le port d'une coquille monoculaire est la meilleure protection et le temps de r~cupdration eat miniml.
(JPB).
Oeil. Eblouissements. Protection yeux. Vol. R~cupdration.

40. Le flash de chaleur et l'blouissement issus des armes nucl~aires. Principes de protection des 6qui-
pages et quelques proc6d~s exp~rimentaux.
WHITESIDE (T.C.D.).
Flying Personnel Research Committee. FPRC-1268 8 p., 4 r~f. bibl. I. 22-RH.
Discussion des principes de protection des dquipages ainsi que de facteurs intervenant dans l6valua-
tion des risques et le type de protection n~cessaire. Par ordre de prEfErence, protection contre la
lumibre et la chaleur par : un syst~me photochrome, des stores sur la coupole de la verridre, un vi-
seur avec coefficient de transmission de 10 pour cent. Protection contre l blouissement par : un sys-
tcme photochrome, un viseur avec coefficient de transmission de 10 pour cent A 15 pour cent, entral-
nement. (BL).
Protection Ecran. Pilotes. Protection NBC. Protection thermique.

41. Physiological effects of bockscatter of high intensity light pulses of the human pilot.
ZEINER (A.R.), BRECHER (G.A.), GERATHEWORL (S.J.).
Annual Scientific Meeting, 43 rd, Bal Harbour, Fla.,
May 8-11, 1972 (A72-28251 12-04). Washington, D.C. Aerospace Medical Association, 1972, p. 148-149.
Physiological effets of intense anticollision flash light backscatter pulses on instrument rated pi-
lots.
LIGHT ADAPTATION. LIGHT SCATTERING. FLASH BLINDNESS. PILOT PERFORMANCE. PHYSIOLOGICAL EFFECTS. COLLI-
SION AVOIDANCE.

42. Reaction time performance with and without back scatter from intense pulsed light. (Performance du
temps de rdaction avec ou sans diffusion en retour d'une lumiAre intense et pulsde).
ZEINER (A.R.), BRECHER (G.A.)
Psychiatry and Behabioral Sciences, Physiology and Biophysics, University of Oklahoma Health Sciences
Center, Oklahoma City (USA)
Aviation Space and Environmental Medicine ; (USA), vol. 46, N0 2, (2/75), pp. 125-127, 17 rdf. bibl.
1 tabl. 65-I
Temps de rdaction visuel, erreurs, lors des conditions maximales de diffusion en retour, qui peuvent
4tre rencontrdes par lee pilotes volant dans les nuages ou le brouillard avec leur syst~me anticolli-
sion (CERNA-MF).
Stress lumi~re dblouissement. Effete diffusion. Perception visuelle. Performance pilote. Vision. Sti-
mulus vision. Aviation tous temps. Sdcuritd aviation. Analyse

PARTIE II
43. A propos de la tolErance des proth~ses de contact che le personnel navigant.

BOISSIN (J.P.)
Air France, Service Medical, Paris (FR)
Mddecine Adronautique et Spatiale, Mddecine Subaquatique et Hyperbare ; (FR), tome 18, N* 71 (7-9/79),
pp. 198-200, 1 tabl. 106-I.
Le port de lentilles de contact ne pr~sente pas de danger pour le personnel navigant, mais lea condi-
tions d'utilisation entralnent des intoldrances plus fr4quentes. (CERMA/DL).
Ophtalmologie. Toldrance physiologie. Personnel navigant. Oeil. Pilots. Mddecine adronautique. Irri-
tation. Hygromdtrie. Lentille corndenne. Lentille optique. Collyre.



44. Apropos de la correction optique par lentilles de contact des pilotes privds d'avion et de vol a
voile en rdgime VFR.

BORTEYRU (J.P.).
Mddecine Adronautique et Spatiale, M~decine Subaquatique et Hyperbar ; (FR), tome 16, N* 64 (10-12/77)
pp. 335-338, 106-1.
Les diff~renteslentilles corndennes, indications et contre-indications. Avantages et inconvdnients de

ce type de correction chez un pilote de tourisme ou postulant a la qualification. (CERMA/PB).
Mddecine Aaronautique. Ophtalmologie. Pilote. Vol A voile. Avion privd. Aptitude vol adronautique.
Aviation gdn~rale. Lentille contact souple. Lentille corndenne. Aviation lg~re.

45. Les verres de contact et leur utilisation a bord des avions.
CARLOS DA M AIA (F.M.)
Revue Internationale des Services de Santd des Armdes, vol. 43, N* 12 (1970), pp. 899-900. I 90-IH.
Importante 6tude qui passe en revue les avantages et les inconvdnients. Les avantages des verres de
contact ne compensent pas pour les pilotes les complications qui pourraient survenir. Les lunettes
sont prefdrables sauf dans certains cas d'aphakie, d'astigmastisme irrdgulier, ou d'une grande ani-
mtropie. (ML).
Ophtalmologie. Maladie yeux. Astigmatisme. Corne. Prothbse. Pilotes. Vision. Lunettes.

46. A propos du vol et de la correction des presbytes.

CHEVALERAUD (J.P.), CORBE (C.).
CPEMPN, Paris (FR)
AGARD Aerospace Medical Panel, AGARD Conference Pre-Print ; (GB), vol. CP-191, N* 5 (3/76), 4 p.
7 rdf. bibl. 25-R.
Utilisation de verres a foyer progressif ou de "lunettes a monture basculante". Ndcessit6 de faire
rdaliser pour le vol des lunettes diffdrentes de celles utilises au sol, en fonction de diff6rents
paramitres particuliers. (CERMA/AF). Ophtalmologie. Accomodation vision. Trouble vision. Verre opti-
que. Mdecine a~ronautique. Correction. Vision. Lunette. Pilote. Personnel navigant. Mdmoire congr~s.
Trouble vision correction. Lunette correction vue. Presbytie.

47. Aptitude au vol et lentilles de contact souples.
CIEVALERAUD (J.P.), PERDRIEL (G.).
EASSAA/CERMA, Paris (FR)
AGARD Aerospace Medical Panel, AGARD Conference Pre-Print ; (GB), vol. CP-191, N* 6 (3/76), 3 p.,
11 rdf. bibl. 25-R.
Inconvdnients des lentilles rigides (surtout d~gagement de bulles d'azote sur la corne en altitude).
Rdsultats du port en caisson de lentilles de contact souples, semi-scldrales ou corndennes : aucun
d~gagement gazeux, pas de variation des, AV, s~cr~tion lacrymale, dpithdlium cornden au retour du vol
simuld. (CERMA/AF).
Aptitude vol adronautique. Lentille. Cornde. Toldrance physiologie. Effet pathologique. Etude expE-
rimentale. Pilote. ophtalmologie. Personnel navigant. Mdmoire congrds. Lentille contact souple. Len-
tille corndenne. Matdriau hydrophile.

48. Lentilles hydrophiles et aviation.
CHEVALERAUD (J.P.), PERDRIEL (G.)
EASSAA/CERMA, PARIS (FR)
Congris Europden de Contactologie M6dicale (10/78),12 p., 23 rdf. bibl. Strasbourg, 6-8/10/78.
1888-M/205.
Les lentilles souples hydrophiles - leur utilisation dans la correction optique des personnels navi-
gants - r~sultats et conclusions dldtudes expdrimentales rdalisdes au sol et en altitude. (CERMA/VL)
Mddecine adroneutique. Pilote. ophtalmologie. Perception visuelle. Aptitude vol adronautique. Person-
nel navigant. Vision. Equipage adronef. Mdmoire congr6s. Lentille contact souple. Lentille corndenne.
Trouble vision correction. Strasbourg congr~s. Annie 1978.

49. Prevention of visual anxiety and proficiency problems in the senior air transport pilot. (PrEvention
de lanxidtd visuelle et probldmes d'efficacitd chez les pilotes daviation de transport les plus
anciens).
DIAMOND (S.), LEEDS (M.F.).
Pan American Airways, San Francisco (Calif.) (US).
Aviation Space and Environmental Medicine ; (US), vol. 48, N* 9 (9/77), pp. 877-881, 9 rdf. bibl.,
3 fig. 65-I.
Observations de pilotes presbytes. Les risques encourus lids A l'anxiltl en cas de difficultd de
lecture. La correction de la presbytie, la conception du poste de pilotage permettant une lisibilitd
parfaite. (CERMA/LL).
M-decine Adronautique. Travail vision. Vision. Ergonomie. Performance pilote. Anxiltd. Pilote. Fac-
teur Ige. Presbytie. Lunette correction vue.

50. Visual problems among senior flight personnel (Probl~mes visuels chez le PN Ag).
DREYER (V.)
Rev. Med. Adronaut. Spatiale (FR.), vol. 12, N* 45 (ler trim. 1973), pp. 105-106, rs. en frangais.
106-I&H.
La diminution de l'accomodation et de la vision de prs pose des probllmes en aviation. La prescrip-
tion de lunettes A un pilote Agd doit lui Atre expliqude et testde dans une maquette A siage r~glable.
(MLB).
Vieillesse physiologie. Acuitd visuelle. Accomodation vision. Lunettes. Personnel navigant.
Vision. Examen physique. Mlmoire congr~s.
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51. Low atmospheric pressure effects on wearing soft contact lenses (Effets d'une bases pression atuos-
phdrique sur le port de lentilles de contact souples).
ENG (W.G.), RASCO (J.L.), MARANO (J.A.).
Eye Clinic, Medical Dept. Naval Air Station, Alameda (Calif.) (US)
Aviation Space and Environmental Medicine ;(US), vol. 49, NO 1 (1/78), pp. 73-75, 6 rdf. bibl.
2 fig., 1 phot. 65-1
L'expdrimentation en chambre hypobare cur 8 volontaires ne montre pas de modifications des, acuitA
visuelle, rdfraction, kdratom~trie et biomicroscopie. (CERNA/PE).
Mddecine adron'kutique. Personnel navigant. Examen oeil. Acuitd visuelle. Toldrance physiologic.
Hypobarie biom~decine. Lentille contact souple. Lentille corndenne. Hypoboarie.

52. Survey on eye comfort in aircraft :II. Use of ophthalmic solutions (Enqute our le confort oculaire
en avion :II. Utilisation des collyres).
ENG (W.G.)
Naval Air Station, Eye Clinic, Medical Dept, Alameda (Calif.) (US)
Aviation Space and Environmental Medicine (US), vol. 50, NO 11 (11/79), pp.1166-1169, 15 rdf. bibl.
2 fig., 2 tabl. (traduction du rdsumd disponible au CERNA). 65-1
Enqu~te sur l'utilisation de collyre d~congestif par lea stewards pendant leur travail afin d'am6-
liorer leur confort :intfir~t des larmes artificielles pour soulager Ia g~ne oculaire en avion.
(CERMA/DL).
Ophtalmologie. Enqulte. Oeil. Aviation commerciale. Produit pharmacie m6dicament. Douleur. Fatigue
physiologie. Mddecine adronautique. Hygrom~trie. Steward. Hdtesse air. Collyre.

53. Vision cur le pont d'envol et visillissement oculaire.
HARPER (C.P.), KIDERA (G.J.0.)
Aerospace Medicine, Vol. 39, NO 10 (1968), pp. 1119-1122, 4 rdf. bibl. I. 65-IH.

e 4 Prdsentation d'un dispositif d'examen visuel du pilote AgE, et correction. (B.L.)
Acuitd visuelle. Pilotes. Vieillesse physiologic. Examen m~dical. Lunettes. Perception visuelle.

54. Conments on Air to Air Visibility at High Altitude. Memorandum rept.
KOOMEN (N.J.)
Naval Research Lab Washington DC Shared Bibliographic Input Experiment, 5 Aug 54, 14 p. Rept no.
NRL-MR-343.
Aviators flying at high altitude report difficulty in sighting ather aircraft. The factors causing this
poor air-to air visibility are discussed, particularly the phenomenon of 'empty field' myopia. it is
concluded that the correction of th
Visual perception. Air to air. Visibility. Aerial targets. Pilots. Performance Human. High altitude.
Visual acuity. Scanning. Glare. Contrast. Corrections. Eyeglasses. Reticles. 06 16.17 08.57 19.
Myopia. Field of view. Empty field myopia. Graticules.

55. The problem of early presbyopia in aircrew (Le probldme de la presbytie chez le PH).
MARSHALL (M.F.P.)
Rev. Med. Adronaut. Spatiale (Fr.), vol. 12, NO 45 (ler trim. 1973), pp. 102-104, 11 rdf. bibl.,
1 tabl. r~s. en frangais. &I. 106-1811.
11 n'est pas rare d'observer une presbytie chez les navigants Agds de 40 A 49 ans. Les tableaux de
bord sont environ A I m~tre de l'oeil. Quelques navigants; utilisent leurs lunettes la nuit. Attention
spdciale sur Ia licence des PN de l'aviation civile. (NLB).
Vision. Accomodation vision. Vision nuit. Lunettes. Personnel navigant. Aviation civile. AcuitE vi-

uelle. Vieillesse physiologie. 
Mdmoire congrds.

56. Indications et contre-indications des lentilles de contact dans les transports.
PERDRIEL (G.)
EASSAA-CERNA, Paris (FR)
Congr~s europden de Contactologie Mddicale (10/78), 19 p., 17 rdf. bibl. Strasbourg, 6-8/10/78.
1888-H
Revue des avantagec et inconvdnients prdsentdc par les lentilles de contact par rapport aux lunettes
classiqucs cur 1. plan de l'efficacitd de l'information vicuelle et des modifications de leur told-
rance sous certaines influences extlricures. Discussion de leur intdr~t chez 1cc conducteurs des
transports routiers, ferroviaires, maritimec et p
Ophtalmologie. Osil. Vision. SdcuritE aviation. Mddecine adronautique. Normec s~curitfi. AcuitE visuelle.
Pilots. Pilots adronef. Opdrateur vdhicule moteur. Mdmoire congr~s.
Lentille contact couple. Lentille corndenne. S~curitE routi~re. Strasbourg congr~c. 1978 annde.

57. Soft hydrophilic contact lenses in civil and military aviation (Verres de contact hydrophiles mous
doe l'aviation civile et militaire).
POLISHUK (A.), RAZ (D.).
Arkia Air Lines and IAP, TEL-AVIV (IS)
Aviation Space and Environmental Medicine 1(USA), vol. 46, NO 9 (9/75), pp. 1188-1190, 4 rdf. bibl.
65-1
Esmais chez 12 pilotes volontaires civil. et militaires dane diffdrentes conditions de vol a des al-f titudes, pression et humiditd variables, en condition d'Eblouiesement. Bons r~sultats, semblent pou-
voir remplacer les lunettes. (CERMA/PC).
Midecine Aironautique. Verre optique. Ophtalmologie. Aviation civile. Aviation Militaire. Pilotes.
Aviation coanerciale. Performance pilots. Tol~rance ph ysiologie. Lentille cornienne.
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58. Dyschromatopsie et reconnaissance diurne et nocturne des dclairs lumineux colords de l'aviation.
STEEN (J.A.), LEWIS (M.F.)
Aerospace Medicine, vol. 43, N

° 
1 (1/72), pp. 34-36, 1 fig. 2 tabi., 7 rdf. bibl. 65-I&H.

Sdlection a l'anomaloscope. Efficacitd de chacun des 7 tests de dyschromatopsie pour prdvision de
l'aptitude A distinguer lee couleurs, de jour et de nuit. En gdndral, les tests commerciaux sont moins
efficaces pour la prdvision de nuit que pour celle de jour. (SC)
Vision couleurs. Vision nuit. Signaux dclairants aviation. Pilotes. Examens yeux. Oeil. Perception
visuelle. Acuitd visuelle.

59. Intermediate Visual Acuity of Presbyopic Individuals with and without Distance and Bifoal Lens Correc-
tions.
WELSH Kenneth W, RASMUSSEN Paul G, VAUGHAN John A
Federal Aviation Administration Oklahoma City Okla Civil Aeromedical Inst, Mar 77, 17 p.
Visual acuity was determined at the intermediate range for older individuals with various combinations
of ocular refractive error (nine subcategories) and accommodative power (three subcategories). Subjects
(N = 249) read numerals ranging in size to measure visual acuity from 20/80 to 20/15 at 51, 76, and
102 cm (20, 30, and 40 in) with
Visual acuity. Aging Physiology. Aviation medicine. Range Distance. Pilots. Physical fitness. Eye-
glasses.

60. Implications adrom4dicales de la lentille X-chrom dans l'am~lioration des troubles de la vision des
couleurs. (Aeromedical implications of the X-chrom lens for improving color vision deficiencies).
WELSH (K.W.), VAUGHAN (J.A.), RASMUSSEN (P.G.)
FAA Civil Aeromedical Institute, Mike Monroney Aeronautical Center, Oklahoma City (Oklah.) (US)
CERMA, traduction CERMA, N* 2399 (6/79), 29 p. tr., 7 p. or., 14 r~f. bibl., 1 fig., 8tabl.
Aviation Space and Environmental Medicine (US), vol. 50, N* 3 (3/79), pp. 249-255, 14 rdf. bibl. I fig.
8 tabl. Trad. par Martine Marie TR an/2399
Le port unilatdral sur l'oeil dominant d'un verre de contact de couleur rouge semble avoir amliord la
vision de 12 sujets.
Vision couleur. Oeil. Mddecine a4ronautique. Ophtalmologie. Traduction. Dyschromatopsie. Daltonisme.
Lentille corndenne.

PARTIE III
61. Training requirements for helicopter operation with night vision goggles (Exigences de l'entrainement

au pilotage d'hdlicopt~res avec des lunettes de vision nocturne).
BEHAR (I.), YOUNG (D.M.), JOHNSON (J.E.)
US Army Aeromedical Res. Lab. and Directorate of Training Developments, Fort Rucker (Alab.) (US).
AGARD Aerospace Medical Panel, AGARD Conference Proceedings (GB), vol. CP-255, N' 50 (12/78), 4 p.,
4 r4f. bibl. 25-R.
Le port de lunettes de vision nocturne AN/PVS-5 n~cessite un entrafnement prdalable accoutumant le
pilote a une diminution des, champ visuel, acuitd visuelle, vision des couleurs et du relief. Descrip-
tion des conditions d'un tel

62. Operational consideration of AN/PVS-5 night vision goggles for helicopter night flight (Consideration
op~rationnelle sur les lunettes de vision nocturne AN/PVS-5 pour hdlicopt~re en vol de nuit).
CHIOU (W.C.)
US Army Aeromedical Research Lab., Fort Rucker (Alab.) (US)
AGARD Aerospace Medical Panel, AGARD Conference Proceedings, (GB), vol. CP-255, N' 49 (12/78), 9 p.,
2 r~f. bibl., 7 fig., 1 tabl. 25-R
Les lunettes de vision nocturne AN/PVS-5 ne peuvent ftre utilisdes qu'au dessus d'un niveau donnd de
luminositd due au clair de lune. Afin d'dlargir le champ d'utilisation de cet dquipement, on teste
Appareil vision nuit. Vision nuit. Lunette. Hdlicopt4re.Performance pilote. Nuit. Vol nuit. Luminositd
ciel. Mdmoire congrds. Source lumidre.

63. Laboratory assessment of the AN/PVS-5 night vision goggle (Essai en laboratoire des lunettes pour vi-
sion nocturne AN/PVS-5).
CHISUM (G.T.), MORWAY (P.E.).
Crew Systems Department, Naval Air Development, Center, Warminster (Penn.) (USA)
Aviation Space and Environmental Medicine, (USA), vol. 46, N

° 
11 (11/75), pp. 1390-1394, 4 r~f. bibl.

5 fig., 6 tabl. 65-I
Essai en laboratoire avec illuminations variables. Les rdsultats des tests permettent de conclure que
ces lunettes peuvent augmenter significativement les performances visuelles des vols de nuit. (CERMA/
PC).
Vision de nuit. Lunette. Essai. Etude exprimentale. Mdthodologie. Personnel navigant. Vol nuit.

64. Aviation Night Vision Goggle. Final rept. 13 Jul 77-16 Mar 79.
HARTMAN Pete.
I'TT Electro-Optical Products Div Roancke VA, Contract DAAK 70-77-C-0179.
29 Mar 79, 54 p.
The intent of this program was to demonstrate the feasibility of a lightweight goggle which possessed
a unique 'flip-up' capability and utilized the existing Generation II ou (Gen III) lightweight image
intensifier assembly. The contract consisted of the design, fabrication, test, and delivery of two
Aviation Goggles with two minor design iterations. The contract modification consisted o
Night vision devices. Goggles. Image intensifiers. Electronics. Lightweight. Flight crews. Flight hel-
mets. Prototypes. Power supplies. Pilots.



65. In-flight Performance with Night Vision Goggles During Reduced Illumination. Final rept.
LEES Michael A, GLICK David D, KIMBALL Kent A, SNOW Allen C Jr.
Army Aeromedical Research Lab Fort Rucker Ala,
Aug 76, 37 p. Rept no. USAARL-76-27.
At the present time the U.S. Army is striving to attain around-the-clock operational capability for
its tactical forces. The Night Vision Goggles have been developed to aid the Army pilot in attaining
near-daytime capability at night. Previous research at the U.S. Army Aeromedic
Night vision devices. Goggles. Pilots. Visual perception. Helicopters. Performance Engineering. Low
light levels. Multivariate analysis.

66. Aviator Performance Measurement During Low Altitude Rotary Wing Flight with the
AN/PVS-5 Night Vision Goggles. Final Rept.
SANDERS Michael G, KIMBALL Kent A, FREZELL Thomas L, HOFMANN Mark A
Army Aeromedical Research Lab Fort Rucker Ala,
Dec 75, 70 p. Rept no. USAARL-76-10.
Aviators were require
Night vision devices. Night flight. Performance Human. Performance tests. Helicopters. Pilots. Goggles.
Data acquisition. Angles. Multivariate analysis. Comparison. Low altitude. Questionnaires. Maneuvera-
bility. Hovering. Psycholphysiology. Training.
Visuel field. Univariate analysis. UH-) Aircraft. AN/PVS-5. HI aircraft.

67. Helicopter flight performance with the AN/PVS-5, night vision goggles (Performance du vol en hdlicop-
tare avec des lunettes de vision nocturne AN/PVS-5).
SANDERS (M.G.), KIMBALL (K.A.), FREZELL (T.L.), HOFMANN (M.A.).
United States Army Aeromedical Research Laboratory, Fort Rucker (Alab.) (US)
AGARD Aerospace Medical Panel, AGARD Conference Proceedings, (GB), vol. CP-182, NO 5 (10/75), 15 p.
15 rdf. bibl. 4 fig., 15 tabl. 25-R
Comparaison des performances de pilotes porteurs de trois types de lunettes de vision nocturne au
cours de manoeuvres & basse altitude ou en rase-motte. (CERMA/MG).
Vision nuit. Lunette. Hdlicopt6re. Performance pilote. Syst6me optique. Optique. Pilote. Mdmoire
congr~s.

68. Problmes visuels posds par le pilotage de nuit des hdlicoptdres.
SANTUCCI (G.F.) CHEVALERAUD (J.), PERDRIEL (G.)
Mddecine et Armdes (FR), tome 6, N 10, (12/78), pp. 969-971, ISSN 0397-8125.
Seuls sont abordds les aspects de la fonction pilotage des hdlicoptares a proximit4 du sol ; expose
des procddds techniques de suppldance et des probldmes physiologiques lids au mode de visualisation.
(CRSSA/MI).
Vision nuit. Vol nuit. H6licoptdre. Champ visuel. Appareil vision nuit. Pilote. Physiologie adronau-
tique.

69. Luce rossa per l'illuminazione della cabina di pilotaggio. Risultati di una inchiesta e di alcune in-
dagini (Emploi de la lumidre rouge pour l'dclairage du poste de pilotage. Rdsultats d'une enqudte et
de quelques recherches).
SCANO (A.), TERRANA (C.)
Rivista di Medicina Aeronautica e Spaziale, NO 1 (1-3/68) pp. 34-47, 10 rdf. Bibl.
Rsultats d'une enqu~te mende auprds des pilotes et spdcialistes de l'aviation militaire italienne,
ainsi que des tests effectuds sur des sujets d'Ages diffdrents, montrant que la lumidre rouge asso-
cide A un dclairage auxiliaire reprdsente le meilleur compromis pour un avion militaire en vol de
nuit. (R.P.) Habitacles. Eclairage. Avions militaires. Vol nuit. Lumidre. Couleurs. Enquetes. Person-
nel Armde Air. Italie. Instruments vol.

70. A Human Performance/Workload Evaluation of the AN/PVS-5 Bifocal Night Vision Goggle. Final rept.
STONE L W, SANDERS M G, GLICK D D, WILEY R, KIMBALL K A,
Army Aeromedical Research Lab Fort Rucker AL,
Proj. 3E762173A819. Task 00.
Jul 79, 98 p. Rept no. USAARL-79-11.
Eight experienced US Army aviators performed various maneuvers in an instrumented helicopter to test
the relative usability of two bifocally configured night vision goggles. Both configurations were
statistically better than the unmo
Night vision devices. Goggles. Performance Human. Protective equipment. Night flight. Pilots. Flight
instruments. Flights control systems. 06 17. AN/PVS-5 bifocal night vision goggle.

71 A human performance/workload evaluation of the AN/PVS-5 bifocal night vision goggles. (Une dvaluation
de la performance humaine par rapport & la charge de travail avec les lunettes de vision de nuit
bifocales AN/PVS-5).
STONE (L.W), SANDERS (M.G.), GLICK (D.D.), WILEY (R.W.), KIBAL (K.A.).
Aviation, Space and Environmental Medicine (US), vol. 51, NO 8 (8/80), pp.797-804, 15 rdf. bibl.,
5 fig. 8 tabl. (Traduction du rdsumd disponible au CERMA).
La comparaison de deux lunettes a montr6 qu'une version bifocale A 24 p. 100 est prdfdrable & la con-
figuration A 14 p. 100, mais les deux modiles Bont meilleurs qu'une version non modifide. (CRMA/PC).
Performance pilote. Optique. Matdriel optique. Appareil vision nuit. Vision nuit. Vision pdriphdrique.
Lunette. Ergonomie. Hdlicoptfre. Pilote. Performance humaine.
Charge travail. AN/PVS-5 Lunette vision.
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72. Some remarks an Using Clear Visors During Night Flights in the Alouette 3.
WALRAVEN J.
Institute for Percpetion RVO-TNO, Soesterberg (Netherlands).
Contract A73/KLU/076. In Dutcl-, English Summary.
1974, 6 p. IZF-1974-13, TDO(-6463o.
Wearing an (obligatory) clear visor during night flights in the Alouetta III may cause, according to
complaints from some pilots, visual discomfort because of reflections from the rim of the visor. It
was verified that these reflections cause no reduction of visual functions but that the visibility
Aircraft landing. Alouette helicopters. Pilot performance. Visors. Comfort. Glare. Human factors
engineering. Night. Reflection. Rims. Transparence. Visual aids.

73. Lea effete de l'dclairage blanc ou rouge des instruments de bord sur l'index d'adpatation nocturne.
WHITESIDE (TCD), MERCIER (A.)
Revue de Midecine Adronautique et Spetiale, vol. 7 (36me trim. 1968),* PP. 173 7-17 5, 4 tabl. 106-Ia.
On se rdf~re au temps ndcessaire pour atteindre le seuil d'adaptation. Enquites portant Sur lea
essais de douze pilotee sans diffdrentes missions de nuit.
L'dtude statistique montre quil y a momns da perte d'adaptation sur dclairage blanc que sur dclairage
rouge. WNM.
Adaptation physiologie. Tableaux bord. Vision couleurs. Vol nuit. Enqutes. Etude statistique. Seuils
physiologic. Pilotes. Equipages adronefs.
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